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(57) ABSTRACT

A high-frequency module constituted by an integral laminate
for handling a plurality of transmitting/receiving systems
having different passbands comprises (a) a switch module
part for branching higher-frequency signals and lower-ire-
quency signals and switching connection to the transmitting
systems and the receiving systems, (b) a high-frequency
amplifying circuit module part, and (¢) a phase-adjusting
circuit disposed between the switch module part and the
high-frequency amplifying circuit module part, wherein the
phase matching between the switch module part and the
high-frequency amplifying circuit module part via the
phase-adjusting circuit 1s adjusted to conjugate matching in
a fundamental frequency band, while it 1s adjusted 1n a
nonconjugate matching range 1n n-th frequency bands,
wherein n 1s an integer of 2 or more.
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Fig. 12

Fig. 13(a) Fig. 13(b)

s || L

Circuit Portion of High-Frequency

Circuit Portion of Ant itch
Amplifier Near Output Terminal ircuit Portion of Antenna Swi

Near Transmission Terminal



UOTIBNUIN Y

uoNIsSOJ UasAJ : W
amuu| - X

NSV J0 (J2)Z
r NSV Jo (J¢)Z

............. \ uonIsoJ juasald . y
R NSV 10 (JE)Z

WSV J0 (€)Z /V i - Vﬁ

b4

US 7,076,216 B2

g .

UONBNUIN Y
WUt - X

WSV 30 32)Z
juawlsnipy 10UV |

Sheet 10 of 16

L}
[ ]
[ ]
]
*
]
&
[ ]
]
L]
-
-
[ ]
]
+ E ]
-
-
-
L |
-
a
[ ]
'.‘

NSV Jo J2)Z

usunsnlpy 191V

UOoNISOJ JUasaid :

0g uonIsoq SSOTT WNUITXEIN | w

UOTJeNUS)]Y WNWIXEN P3)a3re], \\\'

SSOT WOWIUIA © |
NSV 30 JT)Z

) . NSV 30 )Z

0g uonIsoq

Jul. 11, 2006

L]
L]
-
-

JNSV Jo (JE£)Z

1 "SI

U.S. Patent



U.S. Patent Jul. 11, 2006 Sheet 11 of 16 US 7,076,216 B2

-45
o

~50 O R e eemer .
o~ : :
2 = : .
=/ » : :
_E§ -29 p-c----- :-*'-"'*""-*"-"-"---'-"'-L ---------------
-
& I .
S g0 feee---
<
2
=
1‘) —65 ------- L -. ----- L o s o a o= = T L T S —— - .
yon
s
= 5dB
- Deterioration

._70 ....... :. ......

idB
Deterioration
~19
-180 ~-120 -60 0 60 120 180

Phase of Input Impedance of ASM (deg)

Fig. 15(b)

Triple-Wave Attenuation (dB)

-85
3dB Deterioration — .
-90
-180 -120 -60 0 60 120 180

Phase of Input Impedance of ASM (deg)



U.S. Patent Jul. 11, 2006 Sheet 12 of 16 US 7,076,216 B2

)
&
o
8
'
ot cTTTTTr AR Pt cootoe AR
LD 2 : ' ' '
3= [T ) RN TR L e A e
;%’ ; '.' I ;
LI REEEEET T R R PR SRR
53 [ ] [ i
E 10 Lo o —&— Before Phase Adjustment
: : ' — 38— After Phase Adjustment
5 """"" : --------------------------- . T T T P E == F - = ====x
; o
700 7150 800 850 900 950 1000

Frequency (MHz)



U.S. Patent Jul. 11, 2006 Sheet 13 of 16 US 7,076,216 B2




U.S. Patent Jul. 11, 2006 Sheet 14 of 16 US 7,076,216 B2

Fig. 18

: 5 PA1

Y, Dip o

O —0 RX1
LPF2
ANT - 5 PA2

o o—o Rx2
O—0 Rx3
SW2
Fig. 19
SW1 LPF1
0 S\ ° PA1
o g

LPE2

0 o —o Rx2
SW2 S
SW3
LPF]
> PAL
> RX1
LPE?
> PA2
> Rx2




U.S. Patent Jul. 11, 2006 Sheet 15 of 16 US 7,076,216 B2

Fig. 21

. O Output Monitor



g i mE o o W ap IR S - S S I - S S S bk e s o e e e e Em wmi i S g S e el ek e ae we wmm = A S o R - . = .

— A C MYV

224‘ o ! I o

C o O CMS
NT Xy /o

US 7,076,216 B2

Sheet 16 of 16

/\
N \

<

L
| &
m
< O
A
O
.. B

Jul. 11, 2006
C

NSV
VdHTINSY

U.S. Patent




Us 7,076,216 B2

1

HIGH-FREQUENCY DEVICE,
HIGH-FREQUENCY MODULE AND
COMMUNICATIONS DEVICE COMPRISING
THEM

FIELD OF THE INVENTION

The present invention relates to a wireless communica-
tions system connected to a common antenna for transmit-
ting and receiving two or more signals having diflerent
frequencies, particularly to a multiband high-frequency
device comprising both switch circuit and high-frequency
amplifving circuit, a multiband high-frequency module
comprising these parts formed 1n one laminate, and a com-
munications device comprising them.

BACKGROUND OF THE INVENTION

Wireless communications devices, for instance, mobile
phones, have become popular remarkably in recent years
with their functions and services improved increasingly.
Explanation will be made on a mobile phone as an example.
There are various systems for mobile phones, for instance,
GSM (global system for mobile communications) and DCS
(digital cellular system) systems widely used mostly 1n
Europe, a PCS (personal communications services) system
used 1 the U.S., and a PDC (personal digital cellular)
system used 1n Japan. According to recent rapid expansion
of mobile phones, however, a frequency band allocated to
cach system cannot allow all users to use their mobile
phones 1n major cities 1n advanced countries, resulting in
difficulty 1n connection and thus causing such a problem that
mobile phones are sometimes disconnected during commu-
nication. Thus, proposal was made to permit users to utilize
a plurality of systems, thereby increasing substantially
usable frequency, and further to expand serviceable territo-
ries and to effectively use communications infrastructure of
cach system. Thus, mobile phones adaptable to a plurality of
systems are called multiband mobile phones, differentiated
from single-band mobile phones adaptable to only a single
system.

As conventional, small and light high-frequency circuit
parts adapted to a plurality of systems, for instance, a
dual-band, high-frequency switch module for use 1n mobile
communications devices adapted to two systems of EGSM
and DCS 1s disclosed 1n EP 0921642, and a triple-band,
high-frequency switch module for use 1n mobile communi-
cations devices adapted to three systems of EGSM, DCS and
PCS 1s proposed by EP 0998035.

FIG. 23 1s a block diagram showing one example of a
triple-band high-frequency switch module. A diplexer Dip
connected to a terminal of a common antenna ANT causes
branching to a signal 1 a frequency band of EGSM and a
signal 1n a frequency band of DCS/PCS. The branching may
be called “synthesis” 1n an opposite direction of a signal
flow. A first high-frequency switch SW1 switches a trans-
mission terminal Tx of EGSM and a receiving terminal Rx
of EGSM, and a second high-frequency switch SW2
switches a transmission terminal Tx of DCS/PCS, a receiv-
ing terminal Rx of DCS and a receiving terminal Rx of PCS.
Low-pass {filters LPF1, LPF2 inserted into signal-transmit-
ting lines suppress harmonics generated by high-power
amplifiers. Bandpass filters SAW1, SAW2, SAW3 remove
unnecessary frequency components from a receiving signal
from the antenna ANT and send only necessary components
to low-noise amplifiers. Accordingly, high-power amplifiers
HPA1, HPA2 are disposed upstream of the transmission
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terminal Tx of EGSM and the transmission terminal Tx of
DCS/PCS, and low-noise amplifiers LNA1, LNA2, LNA3
are disposed downstream of the receiving terminal Rx of

EGSM, the receiving terminal Rx of DCS and the receiving
terminal Rx of PCS.

With a still strong demand for making mobile communi-
cations devices smaller and lighter in weight, development
has been progressing to have common parts and integrate
functions ito modules. For instance, circuit parts encircled
by the dotted line in FIG. 23 are integrated into a multiband
antenna switch module ASM, which 1s obtained by forming
clectrode patterns for transmission lines and capacitors on
dielectric sheets made of LTCC (low-temperature cofired
ceramics), etc., laminating them, and mounting diodes, etc.
onto the resultant laminate. As modules 1n a range encircled
by the chain line, there are, for istance, discrete SAW filters
mounted onto the laminate.

Used on the side of the transmission of the mobile
communications device 1s a high-power amplifier of about
several watts for outputting a signal of a relatively large
power, which may be called “high-frequency amplifier,”
“power amplifier,” or simply “amplifier.” Because cell
phones, etc. should be small and low 1n power consumption,
the high-power amplifier consuming most of a DC power 1s
required to be small and have a high DC-RF power-adding
elliciency. Particularly, an important features of cell phones,
ctc. are that they are small and have long call time per one
charge. Accordingly, the mimaturization and higher etl-
ciency of the high-power amplifier are necessary. However,
circuit parts containing high-power amplifiers have not been
formed 1nto a single laminate module.

As an antenna switch module, an antenna apparatus
comprising an antenna exclusively used for receiving and
amplifiers mounted onto a laminate with phase-adjusting
circuits disposed therebetween 1s disclosed i JP 2000-
183612 A. However, this antenna apparatus 1s to adjust the
phase deviation of a closed loop when electromagnetic
waves leaked from amplifiers are received by the antenna
exclusively used for recerving (patch antenna), but to inte-
grate high-frequency switch functions.

EP 0837516 discloses a module comprising transmission
lines and capacitors for constituting high-frequency
switches and amplifiers, which are formed 1n a multilayered
board constituted by a laminate of a plurality of dielectric
layers, and transistors, etc. mounted onto the multiplayer
board. However, this reference teaches nothing about prob-
lems arising when the high-frequency switches and the
amplifiers are integrated, and their solution means.

JP 2002-171137 A discloses a high-frequency transmis-
sion module 1n which a high-power amplifier and a coupler
for monitoring the output power of the high-power amplifier
are mtegrated, and both are set to be nonconjugate matching
at a spurious frequency. However, this reference does not
teach any specific means for solving the deterioration of the
characteristics of reducing insertion loss between the high-
frequency parts and harmonic attenuation characteristics.

As described above, no proposal has been made so far
with respect to the integration of multiband antenna switch
circuits and high-frequency amplifying circuits in one lami-
nate as a composite module. What has been carried out so far
1s only that the already existing high-frequency amplifying
circuits and the already existing antenna switch modules are
variously combined to monitor transmission characteristics
and antenna output characteristics such as conversion eili-
ciency and the generation of harmonics, etc., thereby select-
ing good combinations of the parts.
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When the high-frequency amplifier HPA and the antenna
switch module ASM are combined 1n a laminate (ASM+
HPA 1n FIG. 23), there are the same problems as when
discrete parts are combined. Though an output terminal of a
high-frequency amplifier and a transmission terminal of an
antenna switch module are designed to match at 302, each
part 1s not necessarily set to be 5082 strictly, but actuary set
to be around 50€2. For instance, even ii the high-frequency
amplifier HPA and the antenna switch module ASM are 435€2
with a phase position of 120° and 32£2 with a phase position
of 80°, respectively, 1t may be regarded that they are
matching to each other at 50€2. In sum, though the conven-
tional technology seeks matching at around 50€2, which 1s at
a center of the Smith chart, 1n a transmission band, 1t does
not take reactance into consideration. Without a specific
guideline for the phase matching, it would be likely that
there 1s large loss 1 a necessary fundamental frequency
band, and that attenuation 1s insuflicient in an unnecessary
frequency band such as a second harmomnic, a third har-
monic, etc. This problem occurs even in a case where a
high-frequency amplitying circuit and an antenna switch
module are separately mounted onto a circuit board, with a
matching circuit therebetween.

In addition, wide-band matching with low 1nsertion loss
in a transmission band 1s desired in a high-frequency mod-
ule. However, even when the wide-band matching 1s sought
only by an antenna switch module, the wide-band matching
1s not achieved 1in many cases 1n the entire high-frequency
module comprising the high-frequency amplifier. This 1s
because the mput impedance 74 of an output matching
circuit in the high-frequency amplifier changes by a load (1n
this case, antenna switch module) connected to the down-
stream side of the high-frequency amplifier (see FIG. 10).

OBJECTS OF THE INVENTION

Accordingly, an object of the present mnvention 1s to
provide a high-frequency device comprising a phase-adjust-
ing circuit between a switch circuit and a high-frequency
amplifying circuit for mimmizing nsertion loss 1 a funda-
mental frequency band and maximizing harmonic attenua-
tion 1n n-th frequency bands.

Another object of the present imnvention 1s to provide a
high-frequency device with an expanded range operable
with low 1insertion loss and minimized insertion loss at a
fundamental frequency 1n a transmission frequency band.

A further object of the present invention 1s to provide a
small and light high-frequency module comprising a switch
module, a high-frequency amplifying circuit module and a
phase-adjusting circuit formed in one laminate, with sup-
pressed deterioration of characteristics due to mutual inter-
ference.

A still further object of the present invention is to provide
a communications device comprising the above high-ire-
quency module.

DISCLOSURE OF THE INVENTION

The high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
according to an embodiment of the present invention com-
prises (a) a branching circuit for branching higher-frequency
signals and lower-frequency signals, (b) at least one switch
circuit connected to the branching circuit for switching
connection to transmitting systems and receiving systems,
(¢) a plurality of high-frequency amplifying circuits, and (d)
a phase-adjusting circuit disposed between each of the
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switch circuits and each of the high-frequency amplifying
circuits, wherein the phase matching between each of the
switch circuits and each of the high-frequency amplifying
circuits via the phase-adjusting circuit 1s adjusted to conju-
gate matching 1n a fundamental frequency band, while 1t 1s
adjusted 1n a nonconjugate matching range in n-th frequency
bands, wherein n 1s an 1teger of 2 or more.

In the high-frequency device, 0, 1s adjusted preferably
within 0,+120° 1n the n-th frequency bands, wherein 0, 1s a
phase opposite to a phase 0, by 180°, and 0, 1s conjugate to
a phase 0 of an impedance 7, of each of the high-frequency
amplifiers when viewed {from a connection reference plane
between each of the switch circuits and each of the high-
frequency amplifying circuits, and 0, 1s a phase of an
impedance 7., of each of the switch circuits when viewed
from the connection reference plane 0, 1s adjusted more
preferably within a range of 0,x90° further preferably
within a range of 0,+£45°.

The high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having different passbands according to another
embodiment of the present invention comprises (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to the
transmitting systems and the receiving systems, (b) a high-
frequency amplitying circuit module part, and (c¢) a phase-
adjusting circuit disposed between the switch module part
and the high-frequency amplifying circuit module part,
wherein the phase matching between the switch module part
and the high-frequency amplifying circuit module part via
the phase-adjusting circuit 1s adjusted to conjugate matching
in a fundamental frequency band, while 1t 1s adjusted 1n a
nonconjugate matching range 1 n-th frequency bands,
wherein n 1s an integer of 2 or more.

In the high-frequency module, 0., 1s adjusted preferably
within 0,£120° 1n the n-th frequency bands, wherein 0, 1s a
phase opposite to a phase 0, by 180°, and 0, 1s conjugate to
a phase 0 of an impedance 7, of the high-frequency ampli-
tying circuit module part when viewed from a connection
reference plane between the switch module part and the
high-frequency amplifying circuit module part, and 0, 1s a
phase of an impedance 7., of the switch module part when
viewed from the connection reference plane 0, 1s adjusted
more preferably within a range of 0,£90°, further preferably
within a range of 0,+£45°.

In a case where the phase-adjusting circuit 1s a low-pass
filter constituted by an LC circuit, when a phase 0, of the
impedance Z3 of the switch module part when viewed from
a terminal of the phase-adjusting circuit on the side of the
switch module part 1s present on the counterclockwise side
of 0, on a Smith chart, a phase 0, of an impedance Z2 of the
switch module part when viewed from the connection reif-
erence plane 1s adjusted by the phase-adjusting circuit, such
that the phase 0, 1s closer to 0, than 0, 1n n-th frequency
bands.

In a case where the phase-adjusting circuit 1s constituted
by a transmission line, when a phase 0, of an impedance 7.3
1s present on the counterclockwise side of 0, on a Smith
chart, the phase 0, of the impedance Z2 1s preferably
adjusted by making the transmission line longer, such that
the phase 0, 1s closer to 0, than 0, 1n n-th frequency bands.

In a case where the phase-adjusting circuit 1s a high-pass
filter constituted by an L.C circuit, when a phase 0, of the
impedance Z3 1s present on the clockwise side of 0, on a
Smith chart, the phase 0, of the impedance Z2 1s preferably
adjusted by the phase-adjusting circuit, such that the phase
0, 1s closer to 0, than 0, 1n n-th frequency bands. An end of
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an inductor 1n an LC circuit constituting the high-pass filter
1s preferably connected to the switch module part without
interposing a capacitor, with 1ts other end grounded.

In a case where the phase-adjusting circuit 1s constituted
by a transmission line, when a phase 0, of the impedance 7.3
1s present on the clockwise side of 0, on a Smith chart, the
phase 0, of the impedance Z2 1s preferably adjusted by
making the transmission line shorter, such that the phase 0,
1s closer to 0, than 0, 1n n-th frequency bands.

When the low-pass filter or the high-pass filter 1s consti-
tuted by a chip inductor and a chip capacitor, the mounting,
of the chip inductor and the chip capacitor on the laminate
or on the circuit board 1s preferable because it makes 1t
possible to change these parts at any time after integration to
the module.

The high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
according to a further embodiment of the present invention
comprises (a) a branching circuit for branching higher-
frequency signals and lower-frequency signals, (b) at least
one switch circuit connected to the branching circuit for
switching connection to transmitting systems and receiving
systems, (c¢) a plurality of high-frequency amplifying cir-
cuits, and (d) a phase-adjusting circuit disposed between
cach of the switch circuits and each of the high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
ol each of the switch circuits when viewed from a connec-
tion reference plane between each of the switch circuits and
cach of the high-frequency amplifying circuits 1s adjusted to
a range of —125° to +90° 1n a fundamental frequency band.
This high-frequency device 1s characterized by wide-band
matching at low insertion loss.

The high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
according to a still further embodiment of the present
invention comprises (a) a branching circuit for branching
higher-frequency signals and lower-frequency signals, (b) at
least one switch circuit connected to the branching circuit
for switching connection to transmitting systems and receiv-
ing systems, (¢) a plurality of high-frequency amplifying
circuits, and (d) a phase-adjusting circuit disposed between
cach of the switch circuits and each of the high-frequency
amplifying circuits, wherein a phase 0, of an impedance 7,
Of each of the switch circuits when viewed from a connec-
tion reference plane between each of the switch circuits and
cach of the high-frequency amplifying circuits 1s adjusted 1n
a conjugate matching range within 0,+90° 1n a fundamental
frequency band, the 0, being conjugate to a phase 0 of an
impedance 7, of each of the high-frequency amplifiers when
viewed from the connection reference plane This high-
frequency device 1s characterized by a low insertion loss.

The high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
according to a still further embodiment of the present
invention comprises (a) a branching circuit for branching
higher-frequency signals and lower-frequency signals, (b) at
least one switch circuit connected to the branching circuit
for switching connection to transmitting systems and recei1v-
ing systems, (¢) a plurality of high-frequency amplifying
circuits, and (d) a phase-adjusting circuit disposed between
cach of the switch circuits and each of the high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
of each of the switch circuits when viewed from a connec-
tion reference plane between each of the switch circuits and
cach of the high-frequency amplitying circuits 1s adjusted 1n
a conjugate matching range within 0,+90° and 1n a range of
—125°to +90° 1n a fundamental frequency band, the 0, being
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conjugate to a phase 0 of an impedance Z,; of each of the
high-frequency amplifiers when viewed from the connection
reference plane This high-frequency device 1s characterized
by wide-band matching and a low insertion loss.

The high-frequency module constituted by an integral
laminate for handling a plurality of transmaitting/receiving
systems having different passbands according to a still
turther embodiment of the present invention comprises (a) a
switch module part for branching higher-frequency signals
and lower-frequency signals and switching connection to the
transmitting systems and the receiving systems, (b) a high-
frequency amplifying circuit module part, and (¢) a phase-
adjusting circuit disposed between the switch module part
and the high-frequency amplifying circuit module part,
wherein a phase 0, of an impedance Z2 of the switch module
part when viewed from a connection reference plane
between the high-frequency amplifying circuit module part
and the switch module part 1s adjusted to a range of —125°
to +90° 1 a fundamental frequency band by the phase-
adjusting circuit. This high-frequency module 1s character-
1zed by wide-band matching at a low 1nsertion loss.

The high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having different passbands according to a still
turther embodiment of the present invention comprises (a) a
switch module part for branching higher-frequency signals
and lower-frequency signals and switching connection to the
transmitting systems and the receiving systems, (b) a high-
frequency amplitying circuit module part, and (¢) a phase-
adjusting circuit disposed between the switch module part
and the high-frequency amplifying circuit module part,
wherein a phase 0, of an impedance 7, of the switch module
part when viewed from a connection reference plane
between the switch module part and the high-frequency
amplifying circuit module part 1s adjusted in a conjugate
matching range within 0,+90° 1n a fundamental frequency
band by the phase-adjusting circuit, the 0, being conjugate
to a phase 0 of an impedance 7, of the high-frequency
amplifying circuit module part when viewed from the con-
nection reference plane This high-frequency module 1s char-
acterized by a low 1nsertion loss.

The high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having different passbands according to a still
further embodiment of the present invention comprises (a) a
switch module part for branching higher-frequency signals
and lower-frequency signals and switching connection to the
transmitting systems and the receiving systems, (b) a high-
frequency amplifying circuit module part, and (c¢) a phase-
adjusting circuit disposed between the switch module part
and the high-frequency amplifying circuit module part,
wherein a phase 0, of an impedance 7, of the switch module
part when viewed from a connection reference plane
between the switch module part and the high-frequency
amplifving circuit module part 1s adjusted 1n a conjugate
matching range within 0,£90° and 1n a range of -125° to
+90° 1n a fundamental frequency band by the phase-adjust-
ing circuit, the 0, being conjugate to a phase 0 of an
impedance 7, of the high-frequency amplilying circuit mod-
ule part when viewed from the connection reference plane
This high-frequency module 1s characterized by wide-band
matching and a low insertion loss.

The high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
according to a still further embodiment of the present
invention comprises (a) a branching circuit for branching
higher-frequency signals and lower-frequency signals, (b) at
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least one switch circuit connected to the branching circuit
for switching connection to transmitting systems and receiv-
ing systems, (¢) a plurality of high-frequency amplifying
circuits, and (d) a phase-adjusting circuit disposed between
cach of the switch circuits and each of the high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
ol each of the switch circuits when viewed from a connec-
tion reference plane between each of the switch circuits and
cach of the high-frequency amplifying circuits 1s adjusted by
the phase-adjusting circuit, (1) 1 a conjugate matching
range within 0,+90° and 1n a range of —-125° to +90° 1n a
fundamental frequency band, and (2) 1n a nonconjugate
matching range within £120° (0,£120°) from a phase 0,
opposite to a phase 0, by 180° in n-th frequency bands,
wherein n 1s an integer of 2 or more, the 0, being conjugate
to a phase 0 of an impedance 7, of each of the high-
frequency amplifiers when viewed from the connection
reference plane

The high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having diflerent passbands according to a still
turther embodiment of the present invention comprises (a) a
switch module part for branching higher-frequency signals
and lower-frequency signals and switching connection to the
transmitting systems and the receiving systems, (b) a high-
frequency amplifying circuit module part, and (c) a phase-
adjusting circuit disposed between the switch module part
and the high-frequency amplifying circuit module part,
wherein a phase 0, of impedance 7, of the switch module
part when viewed from a connection reference plane
between the switch module part and the high-frequency
amplifving circuit module part 1s adjusted by the phase-
adjusting circuit, (1) 1n a conjugate matching range within
0,£90° and 1n a range of —125° to +90° 1n a fundamental
frequency band, and (2) 1n a nonconjugate matching range
within £120° (0,+£120°) from a phase 0, opposite to a phase
0, by 180° in n-th frequency bands, wherein n 1s an integer
of 2 or more, the 0, being conjugate to a phase 0 of an
impedance 7, of the high-frequency amplilying circuit mod-
ule part when viewed from the connection reference plane

In the high-frequency module according to a still further
embodiment of the present invention, a region containing
the high-frequency amplifying circuit module part and a
region containing the switch module part are shielded from
cach other by a shielding electrode formed on at least one of
dielectric layers constituting the laminate, or by through-
hole electrodes penetrating a plurality of dielectric layers
constituting the laminate. Other parts than the shielding
clectrode and the through-hole electrodes may be the same
as 1n the above-described high-frequency modules. The
through-hole may be called *“via-hole” or simply “via.”

Said shielding electrode 1s preferably formed on a layer
above or below a dielectric layer provided with transmission
lines. Said through-hole electrodes are preferably connected
to the shielding electrode. Said through-hole electrodes are
preferably connected to ground electrodes formed on other
dielectric layers.

Said switch module part preferably comprises a branching
circuit for branching higher-frequency signals and lower-
frequency signals, and switch circuits connected to the
branching circuit for switching connection to transmitting,
systems and receiving systems.

The high-frequency amplifying circuit module part pret-
erably comprises at least a semiconductor element, a power-
applying circuit and a matching circuat.
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In the above high-frequency module, at least part of
transmission lines and LC circuits constituting the switch
module part, the high-frequency amplifying circuit module
part and the phase-adjusting circuit are formed by electrode
patterns formed on dielectric layers constituting the lami-
nate, and chip elements constituting part of switching ele-
ments, semiconductor elements and LC circuits constituting,
the switch module part and the high-frequency amplifying
circuit module part are preferably mounted onto the lami-
nate.

It 1s preferable that the branching circuit 1s constituted by
an L.C circuitt, that main elements of the switch circuits are
switching elements and transmission lines, that at least part
of the LC circuits and the transmission lines are formed by
clectrode patterns formed on dielectric layers constituting
the laminate, and that chip elements constituting part of the
switching elements and the LC circuits are mounted onto the
laminate.

Said high-frequency amplifying circuit module part pret-
erably comprises at least a semiconductor element, a power-
applying circuit and a matching circuit, at least part of
transmission lines and LC circuits constituting the power-
applying circuit and the matching circuit being formed by
clectrode patterns formed on dielectric layers constituting
the laminate, and chip elements constituting part of the

switching elements and the LC circuits being mounted onto
the laminate.

At least part of transmission lines or LC circuits consti-

tuting the phase-adjusting circuit are preferably formed by
clectrode patterns formed on dielectric layers constituting
the laminate.

Each transmitting system in the switch circuits preferably
comprises a low-pass filter constituted by an LC circuit, the
LC circuit being formed by electrode patterns on dielectric
layers constituting the laminate.

The high-frequency module of the present invention prei-
erably comprises at least one of a coupler circuit, an 1solator
circuit and a filter circuit between the high-frequency ampli-
tying circuit module part and the switch module part.

The high-frequency device according to a still further
embodiment of the present immvention comprises high-ire-
quency amplifying circuits, and high-frequency circuits dis-
posed downstream of the high-frequency amplifying circuits
for treating a high-frequency signal amplified by the high-
frequency amplitying circuits, which are connected to each
other via a phase-adjusting circuit, wherein a phase 0, of an
impedance Z2 of each of the downstream high-irequency
circuits when viewed from a reference point of the phase-
adjusting circuit on the side of the high-frequency amplify-
ing circuit 1s adjusted within 0,+120° 1n a frequency that 1s
n times (n 1s an iteger of 2 or more) the fundamental
frequency of the high-frequency signal, the 0, being an
opposite phase to a phase 0,, which 1s conjugate to a phase
0 of an impedance Z1 of the high-frequency amplifving
circuit when viewed from the reference point.

The above high-frequency amplifying circuit preferably
comprises at least a semiconductor element, a power-apply-
ing circuit and a matching circuit.

The communications device for transmitting and receirv-
ing two or more signals having different frequencies via one
common antenna according to a still further embodiment of
the present imvention comprises the above high-frequency
device or the above high-frequency module, which 1s con-
nected to the common antenna.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a Smith chart showing the phase adjustment of
the multiband high-frequency device of the present inven-
tion;

FIG. 2 (a) 1s a Smith chart showing one example of the
procedures of the phase adjustment;

FI1G. 2 (b) 1s a Smith chart showing another procedure of
the phase adjustment;

FIG. 3 (a) 1s a view showing one example of the circuit
of a low-pass filter, one of specific means for the phase
adjustment;

FIG. 3 (b) 1s a view showing another example of the
circuit of a low-pass filter, one of specific means for the
phase adjustment;

FIG. 3 (¢) 1s a view showing a further example of the
circuit of a low-pass filter, one of specific means for the
phase adjustment;

FI1G. 3 (d) 1s a view showing a still Turther example of the
circuit of a low-pass filter, one of specific means for the
phase adjustment;

FIG. 4 (a) 1s a view showing one example of the circuit
of a ligh-pass filter, one of specific means for the phase
adjustment;

FIG. 4 (b) 1s a view showing another example of the
circuit of a high-pass filter, one of specific means for the
phase adjustment;

FIG. 4 (c¢) 1s a view showing a further example of the
circuit of a high-pass filter, one of specific means for the
phase adjustment;

FI1G. 4 (d) 1s a view showing a still Turther example of the
circuit of a high-pass filter, one of specific means for the
phase adjustment;

FIG. 5 1s a graph showing the relation between the phase
of the mmput impedance of the antenna switch module part
and the deviation of the impedance of the high-frequency
amplifier when viewed from the mput side;

FIG. 6 1s a Smith chart showing the phase adjustment
range of the impedance 1 FIG. 5;

FIG. 7 1s a graph showing the relation between the iput
phase of the antenna switch module part and msertion loss
in a fundamental frequency band;

FIG. 8 1s a Smith chart showing a range providing a low
insertion loss in the phase adjustment range of the input
impedance of the antenna switch module part;

FIG. 9 (a) 1s a Smith chart showing one example of the
procedures of a specific phase adjustment;

FIG. 9 (b) 1s a Smith chart showing another example of
the procedures of a specific phase adjustment;

FIG. 10 1s a block diagram showing a model for explain-
ing the phase adjustment of the present invention;

FIG. 11 1s a view showing an equivalent circuit of the
triple-band antenna switch module part according to one
embodiment of the present invention;

FIG. 12 1s a view showing an equivalent circuit of the
high-frequency amplifier according to one embodiment of
the present mnvention;

FIG. 13 (a) 1s a view showing a circuit portion of the
high-frequency amplifier near 1ts output terminal, which has
a transmission line as a phase adjustment means;

FIG. 13 (b) 1s a view showing a circuit portion of the
antenna switch module part near 1ts transmission terminal,
which has a transmission line as a phase adjustment means;

FIG. 14 1s a Smith chart showing the phase adjustment
when a high-pass filter 1s used;

FIG. 15 (a) 1s a graph showing the relation between the
input phase of ASM and second harmonic attenuation;
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FIG. 15 (b) 1s a graph showing the relation between the
input phase of ASM and thrid harmonic attenuation;

FIG. 16 1s a graph showing the relation between {ire-
quency and power-adding etliciency;

FIG. 17 1s a partial development view showing the green
sheets of the multiband high-frequency module laminate
according to one embodiment of the present invention;

FIG. 18 1s a block diagram showing one example of a
triple-band antenna switch module part comprising GaAs
switches:

FIG. 19 1s a block diagram showing another example of
a triple-band antenna switch module part comprising GaAs
switches:

FIG. 20 1s a block diagram showing a still further example
of a triple-band antenna switch module part comprising a
(GaAs switch;

FIG. 21 1s a block diagram showing a triple-band antenna
switch module part comprising a coupler circuit between an
antenna switch module part and a high-frequency amplifier;

FIG. 22 1s a view showing one example of the circuit of
the coupler; and

FIG. 23 1s a block diagram showing the overall structures
of a multiband high-frequency device and a high-frequency
module.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1l

[1.1] Attenuation of Harmonics and Phase Adjustment in
n-th Frequency Band

Referring to a model shown 1n FIG. 10, investigation will
be conducted on the ifluence of phase relations between a
high-frequency amplifier HPA and an antenna switch mod-
ule ASM on antenna output characteristics. The high-fre-
quency module shown 1 FIG. 10 comprises a high-fre-
quency amplifier HPA, an output-matching circuit MN, a
phase shifter PS and an antenna switch module ASM 1n this
order. FIG. 10 shows an example for transmission, with the
output terminal of the antenna switch module ASM con-
nected to an antenna. There 1s a connection reference plane
between a terminal of the high-frequency amplifier HPA on
the side of the output matching circuit MN and a transmis-
s1on terminal of the antenna switch module ASM. The term
“connection reference plane” used herein means a plane
between two circuits in determining impedance by computer
simulation, taking into consideration the thickness and width
of actual lines, which corresponds to the connection refer-
ence point 1n the equivalent circuit.

With the impedance Z1 of the high-frequency amplifier
HPA having a fixed phase 0 when viewed from the connec-
tion reference plane the phase 0, of the impedance Z2 of the
antenna switch module ASM was changed, to plot phase
change, insertion loss, and attenuation 1mn a fundamental
frequency, a second harmonic and a third harmonic in the
Smith chart of FIG. 1. Contrary to the above, with the fixed
phase 0, of the impedance Z2 of the antenna switch module
ASM when viewed from the connection reference plane the
phase 0 of the impedance 71 of the high-frequency amplifier
HPA may be adjusted, and both impedance phases of the
high-frequency amplifier HPA and the antenna switch mod-
ule ASM may be adjusted. This 1s true in subsequent
embodiments, any cases being included in the scope of the
present mvention.

The term “antenna switch module part” or “‘antenna
switch module” 1s used herein when the high-frequency
module 1s connected to a common antenna, having substan-
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tially the same meaning as the term “antenna switch circuit™
used when the high-frequency device 1s connected to the
common antenna.

It has been found as a result of investigation that the phase
adjustment has a close relation to the antenna output char-
acteristics (msertlon loss, attenuation of harmonics, etc.,),
theirr impedances in n-th harmonic bands greatly a“ ecting
the characteristics of the overall high-frequency module.
Referring to the Smith chart of FIG. 1, the following may be
said.

(A) When the phase 0, of the impedance Z2 of the antenna
switch module ASM when viewed from the connection
reference plane 1s equal to a phase 0, (-0) obtained by
changing the sign of the phase 0 of the impedance Z1 of
the high-frequency amplifier HPA, the 1nsertion loss (s1g-
nal attenuation) 1s the mimmmum. The phase 0, 1s conju-
gate matching to the phase 0.

(B) When the phase 0, of the impedance Z2 of the antenna
switch module ASM when viewed from the connection
reference plane 1s equal to 0, (0,+£180°), which 1s an
opposite phase to 0,, the insertion loss (s1gnal attenuation)
1s the maximum.

The term “conjugate impedance” used herein means
impedance 1 a relation of complex conjugate to certain
impedance. The term “conjugate” means that two 1mped-
ances have the same resistor component and the same
reactance component with opposite signs. The impedance of
0, (R+1X), 1s complex conjugate to the impedance of 0,,
(R—1X). A case where such relation 1s satisfied 1s “conjugate
matching,” achieving the impedance matching.

Though the conjugate matching of (R+1X) and (R—1X) 1s
ideally optimum, 1nvestigation by the inventors has revealed
that only the adjustment of the reactance component such as
(R'-1X) would be sufliciently effective for the reduction of
insertion loss of a transmission signal and the attenuation of
n-th harmonics. It has been found that though the matching
of all the impedance (R+1X) 1s diflicult, the matching of at
least a phase would be a sufliciently eflective, practical
control means.

The first guideline 1 the present invention 1s that this
conjugate matching 1s satisfied with respect to a phase, to
meet the condition (A) to minimize the insertion loss 1n a
fundamental frequency band, thereby setting a phase rela-
tion corresponding to the conjugate matching of the imped-
ance Z1. Namely, the phase-adjusting circuit connecting the
high-frequency amplifier HPA and the antenna switch mod-
ule ASM adjusts them 1n conjugate matching at the standard
value of 50€2, thereby minimizing the insertion loss.

To meet the condition (B) for maximizing the attenuation
of unnecessary n-th frequency bands (harmonic bands) such
as a second harmonic, a third harmonic, etc., the phase 0, of
the impedance Z2 1s adjusted to a phase 0, corresponding to
a nonconjugate matching. The nonconjugate matching 1s a
state other than the conjugate matching. A nonconjugate
matching position to the phase 0, 1s optimally 0, an oppo-
site phase to 0,, and 1t has been found that the effect of the
present invention can be obtained suthiciently 1n a predeter-
mined range around 0,. Specifically, the control range of 0,
1s preferably 1n a range of 0,£120°, which permits 5 dB
deterioration to the maximum attenuation. The control range
of 0, 1s more preferably 0,+90°, which permits 3 dB
deterioration, most preferably 0,+45°. In the adjustment of
0., the phase 0, 1s first moved from the phase 0, correspond-
ing to the conjugate matching to near the opposite phase 0,
and then finely adjusted in a permitted range with 0, at a
center.
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[1.2] Phase Adjustment Means of n-th Frequency Bands

The phase-adjusting circuit 1s constituted by a transmis-
sion line or an LC circuit. FIGS. 13 (a) and (b) show the
phase-adjusting circuit comprising a transmission line. FIG.
13 (a) shows a circuit portion of the high-frequency ampli-
fier shown 1n FIG. 12 near the output terminal P0, and FIG.
13 (b) shows a circuit portion of the switch module shown
in FIG. 11 near the transmission terminal P1.

The circuit portion of the high-frequency amplifier near
the output terminal PO as shown in FIG. 13 (@) comprises a
semiconductor element FET (field eflect transistor) Q1, and
voltage 1s applied to a drain terminal D of the transistor Q1
from a terminal Vddl via a transmission line or inductor
SLL1. The drain terminal D 1s connected to the output
terminal P0 via a transmission line ASL1 and a DC-blocking
capacitor Ca2. Also, 1n the circuit portion of the antenna
switch module near the transmission terminal P1 as shown
in FIG. 13 (b), the transmission terminal P1 is connected to
a DC-blocking capacitor Cal and a transmission line ASL2,
and then to a low-pass filter LPF constituted by a transmis-
sion lme L5 and an LC circuit, which 1s part of the
transmitting system circuit. When the output terminal P0 and
the transmission terminal P1 are connected to each other,
one of the capacitors Cal, Ca2 may be omitted.

Though the transmission lines ASLL1, ASL2 function as
output matching circuits, they may be used as phase-adjust-
ing circuits as in the above case (3). Alternatively, an LC
circuit may be disposed 1n place of the transmission line as
in the above case (1). For instance, the transmission line
ASL2 1s an element necessary for connecting the transmis-
sion terminal P1 and the low-pass filter LPF1 in the lami-
nate, but 1t may be used as the phase-adjusting circuit of the
present invention, too. In this case, capacitors Ca3, Cad with
proper capacitance are first mserted at proper positions in
designing the transmission line ASL2, while adjusting the
length or width of the transmission line ASL1 of the high-
frequency amplifier, to achieve matching with the mnput
impedance of an antenna switch at substantially 502, and
the length and/or width of the transmission line ASL2 are
then adjusted. If necessary, the length and width of L5, etc.
are also adjusted.

[1.3] Specific Examples of Phase Adjustment in n-th Fre-
quency Bands

With respect to the phase adjustment for the maximum
attenuation in n-th frequency bands, the following has been
found:

(a) When the phase 0, of the impedance Z3 of the antenna
switch circuit ASM when viewed from the side of the
output control circuit MN 1s present on the counterclock-
wise side of 0, on a Smith chart as shown 1n FIG. 2 (a),
the transmission line for the phase-adjusting circuit is
made longer such that 0, becomes closer to the best phase
0, than 0;. The transmission line may be made thinner. In
that case, 0, moves clockwise when 0, 1s on an upper half
circle on a Smith chart, and counterclockwise when 0, 1s
on a lower half circle. Accordingly, when the transmission
line 1s made thinner, it 1s necessary to consider the present
position and rotation direction of 05 on a Smith chart.

(b) When the phase 0, 1s present on the clockwise side of 0
on a Smith chart as shown 1n FIG. 2 (&), the transmission
line of the phase-adjusting circuit 1s made shorter to
obtain 0, closer to the best phase 0, than 0,. The adjust-
ment of the transmission line ASL1 1s preferably to make
it thicker and shorter. However, in a case where the
transmission line 1s made thicker, on the contrary to
making thinner, 0, moves counterclockwise when 0, 1s on



Us 7,076,216 B2

13

an upper half circle on a Smith chart, and clockwise when

0, 1s on a lower half circle. Accordingly, 1t 1s also

necessary to consider the present position and rotation

direction of 0.

To make adjustment 1n a range not satisfied by the above
adjustments, or to make fine adjustment after lamination,
etc., for mstance, the following procedures are performed.
(c) When the phase 0, 1s on the counterclockwise side of 0,

on a Smith chart as shown in FIG. 2 (a), a low-pass filter

constituted by the LC circuit shown 1 any of FIGS. 3

(a)—(d) 1s preterably disposed between the terminals PO

and P1 to obtain 0, closer to the best phase 0,,. In this case,

because of the existence of the DC-blocking capacitors

Cal, Ca2 shown in FIG. 13 and the capacitor C 1n the LC

circuit, at least one of these capacitors may be left. For

instance, Cal 1s omitted and shown by the dotted line in
FIGS. 3 (a)—(d). I the capacitor Cal i1s omitted 1n the

antenna switch module ASM 1 FIGS. 3 (b) and (d),
parallel resonance can be achieved with the grounded
transmission line LS. In this case, because the transmis-
ston line L5 may be short, it 1s convenient for layout
adjustment at the time of lamination.

(d) When the phase 0, 1s on the clockwise side of 0, on a
Smith chart as shown i FIG. 2 (b), 1t 1s preferable to
dispose a high-pass filter of an LC circuit shown in any of
FIGS. 4(a)—(d) between the terminals P0 and P1 to obtain
0, closer to the best phase 0,. In this case, too, at least one
of the DC-blocking capacitors Cal, Ca2 and the capacitor
C 1n the LC circuit need only be left. Such phase adjust-
ment by inserting the high-pass filter 1s desirable to make
the circuit simple.

If necessary, the width of the transmission line LS, the
capacitance of the parallel capacitor C of LPF, etc. may be
adjusted.

It 1s thus clear from the above that 1n the circuit designing,
of the high-frequency composite parts containing high-
frequency amplifiers, 1 semiconductor elements, {for
instance, 1 a range from the output matching circuit of the
transistor to the connection point of the antenna switch part,
are designed taking into account not only a fundamental
frequency but also harmonics in n-th frequency bands, the
characteristics of a transmission output {from an antenna are
drastically improved as compared with those of conven-
tional designing methods considering only the fundamental
frequency.

[2.1] Relation Between Transmission Bandwidth and Inser-
tion Loss and Phase Adjustment

The 1ntluence of the phase relation of the high-frequency
amplifier and the antenna switch module part on a matching
bandwidth and insertion loss in a fundamental frequency
band has been investigated. In the model shown 1n FIG. 10,
the relation between the phase change of the impedance 7.3
of the antenna switch module ASM, and the amount of
variation (deviation) of the input impedance Z4 of the output
matching circuit MN 1n a transmission band has been
investigated. FIG. 5§ shows the relation between the phase of
the input impedance of ASM and the impedance deviation of
74, and F1G. 6 shows on a low loss range in the Smaith chart.
In FIG. 5, the abscissa axis indicates the phase of the mput
impedance ol the antenna switch module ASM, the left
ordinate axis indicates the MAG (absolute value of 1imped-
ance, radius on a Smith chart) deviation of the impedance 74
of the output matching circuit MN when viewed from the
input terminal of HPA, and the nght ordinate axis indicates
the DEG (phase angle, angle from a right short position at
the center on a Smith chart) deviation of the impedance 74
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of the output matching circuit MN when viewed from the

input terminal of HPA. The smaller the MAG and DEG

deviations, the smaller the impedance variation in the band,
achieving wide-band phase matching. The permissible range
of the MAG dewviation 1s on or below a horizontal line X1 of

0.09, and the permissible range of the DEG dewviation 1is

between horizontal lines X2, +0.6° from a center of 0.
The relation of the phase change of ASM and insertion

loss 1n a fundamental frequency band has been investigated

by changing the impedance 72 of the antenna switch module
part ASM, with the fixed impedance Z1 of the high-fre-
quency amplifier HPA when viewed from the connection
reference plane FIG. 7 shows the relation between the phase

of the mput mmpedance of ASM and insertion loss 1 a

fundamental frequency band, and FIG. 8 shows a phase

relation. The investigation has revealed that there 1s a close
relation between the phase change and the 1nsertion loss as
described below.

(a) Wide-band phase matching, which may sometimes be
called simply “wide-band matching,” can be achieved 1n
a Tundamental frequency band by suppressing the amount
of variation (deviation) of the impedance Z4. Namely, the
wide-band matching can be achieved in a fundamental
frequency band by adjusting to a phase range, 1n which
both of the MAG deviation and the DEG deviation are
small. This corresponds to a case where the DEG devia-
tion 1s 1n a range of X2, and the MAG deviation 1s 1 a
range of X1 or less in FIG. 5. The ends of ranges meeting
these conditions are shown by A in FIG. 5. As 1s clear
from FIG. 5, the wide-band matching in a fundamental
frequency band can be obtained in a range of —125° to
—-180° and 1 a range of +90° to +180°. Accordingly,
wide-range phase matching can be achieved in a funda-
mental frequency band, by adjusting the phase 0, of the
impedance 72 of the antenna switch module when viewed
from the connection reference plane to a hatched range of
—-125° to +90° on the Smith chart of FIG. 6.

(b) When the phase 0, of the impedance 72 of the antenna
switch module ASM when viewed from the connection
reference plane 1s equal to a phase 0, (-0) obtained by
changing the sign of the phase 0 of the impedance Z1 of
the high-frequency amplifier HPA 1n a fundamental fre-
quency band, the insertion loss (signal attenuation) 1s
minimum. Namely, when the phase 0, of the impedance
72 1s equal to a phase 0, corresponding to the conjugate
impedance of the impedance Z1 in a fundamental fre-
quency band, the insertion loss 1s mimmum. In FIG. 7
showing the fundamental frequency band, the insertion
loss 1s minimum at around —130°, which may be regarded
as a conjugate matching position. There 1s a bottom at a
position separate from the conjugate matching position by
180°, providing the maximum 1insertion loss. Because the
wavelorm of the insertion loss shown i FIG. 7 1s sub-
stantially sinusoidal, a center line between the upper and
lower limits of this wavelorm or above may be a permis-
sible range. Accordingly, a low insertion loss can be
achieved 1 a fundamental frequency by adjusting the
phase 0, of the impedance Z2 to a range within 0,+£90°.
In sum, (1) by adjusting the phase 0, of the impedance 72

to a hatched range of —125° to +90° 1n FIG. 6, wide-band

matching 1n a fundamental frequency band can be achieved
in a transmission band; (2) by adjusting the phase 0, of the
impedance Z2 to a range of the conjugate impedance
0,£90°, a low 1sertion loss can be achieved 1n a funda-
mental frequency band; and (3) by adjusting the phase 0, of
the impedance Z2 to a hatched range 1n FIG. 8, which 1s an
overlap of the conjugate matching range within 0,+90° and
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the range of —125° to +90°, wide-band matching and low
insertion loss 1n a fundamental frequency band can be
achieved 1n a transmission band.

Because impedance and its phase change with a frequency
in a high-frequency circuit, 1t should be noted that the phase
0, differs 1n a fundamental frequency band and in n-th
harmonic frequency bands. Specifically, (1) the requirement
that 0, 1s within 0,+120° 1s concerned with the range of 0,
for achieving the attenuation in n-th harmonic frequency
bands (nonconjugate matching range); (2) the requirement
that 0, 1s within —125° to +90° 1s concerned with the range
of 0, for achieving wide-band matching 1n a fundamental
frequency band; (3) the requirement that 0, 1s within 0,£90°
1s concerned with the range of 0, for achieving a low
insertion loss 1n a fundamental frequency band; and (4) the
requirement that 0, 1s within 0,+90° and within -125° to
+90° 1s concerned with the range of 0, for achieving wide-
band matching and a low 1insertion loss in a fundamental
frequency band.

[2.2] Specific Examples of Relations of Expansion of Range
Operable at Low Insertion Loss and Reduction of Insertion
Loss 1 Transmission Band and Phase Adjustment

With respect to the phase adjustment means for achieving
the expansion of a range operable at a low 1nsertion loss and
the reduction of msertion loss 1 a fundamental frequency
band, the following has been found.

(a) When the phase 0, of the input impedance Z3 of the
antenna switch when viewed from the phase-adjusting
circuit 1s on the counterclockwise side of 0, on a Smith
chart 1n a fundamental frequency band as shown in FIG.
9 (a), the transmission line 1s made longer such that 0,
becomes closer to the best phase ®, than 0,. If necessary,
the length and width of the transmission line L5 may also
be adjusted to move 0, 1n a clockwise direction toward 0.
The transmission line may be thinner. However, 1n that
case, 0; moves clockwise when 1t 1s on an upper half
circle of the Smith chart, and counterclockwise when 1t 1s
on a lower half circle of the Smith chart. Accordingly,
when the transmission line 1s made thinner, the present
position and rotation direction of 0, on the Smith chart
should be taken into consideration.

(b) When the phase 0, 1s on the clockwise side of 0, as
shown 1n FIG. 9 (b), the transmission line 1s made shorter
such that 0, becomes closer to the best phase 0, than 0,.
If necessary, the length and width of the transmission line
L5 may also be adjusted to move 0, 1n a counterclockwise
direction. The adjustment of the transmission line ASL1 1s
preferably to make 1t thicker and shorter. However, 1n a
case where the transmission line 1s made thicker, on the
contrary to making thinner, 0, moves counterclockwise
when 1t 1s on an upper half circle of the Smith chart, and
clockwise when 1t 1s on a lower half circle of the Smith
chart. Therefore, the present position and rotation direc-
tion of 0, should also be taken 1into consideration.

To make adjustment in a range not satistied by the above
adjustments, or to make fine adjustment after lamination,
etc., the following procedures are performed.

(c) When the phase 0, 1s on the counterclockwise side of 0,
a low-pass filter constituted by the LC circuit shown in
any of FIGS. 3(a)—(d) 1s disposed between the terminals
PO and P1, such that 0, becomes closer to the best phase
0,. For the purpose of phase adjustment, the capacitance
of shunt C of the low-pass filter, etc. may also be adjusted.
As 1n the phase adjustment in n-th harmonic frequency
bands, one of the DC-blocking capacitors Cal, Ca2 may
be omitted. Cal 1s omitted here and shown by the dotted
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line. When the capacitor Cal on the side of the antenna
switch 1s omitted 1n FIGS. 3 (&) and (d), parallel reso-
nance 1s generated with the grounded transmission line
LS. In this case, the transmission line LS may be short,
convenient for layout adjustment at the time of lamina-
tion.

(d) When the phase 0, 1s on the clockwise side 0,, a
high-pass filter constituted by the LC circuit shown 1n any
of FIGS. 4 (a)(d) 1s disposed between the terminals P0
and P1, such that 0, becomes closer to the best phase 0.
In this case, at least one of the DC-blocking capacitors
Cal, Ca2 and the capacitor C of the LC circuit need only
be left. For instance, with only the capacitor Ca2 of the
high-frequency amplifier or C leit, the grounded 1inductor
L. or transmission line SL 1s connected to the antenna
switch. Thus, the phase adjustment by 1nserting the high-
pass lilter 1s desirable for simplifying the circuit.

[3] Reduction of Interference Between Circuits in High-
frequency Module

As a result of investigation of interference such as noises,
etc. between the high-frequency amplifier and the antenna
switch module part, the following has been found.

(a) Isolation between the circuits can be increased, for
instance, to as large as =30 dB or less in a band of 500
MHz to 6 GHz, by disposing longitudinally aligned
through-hole electrodes between adjacent circuits,
thereby sufliciently suppressing mutual interference
between the circuits. More eflect 1s obtained by narrower
intervals between the longitudinally aligned through-hole
clectrodes, though too narrow intervals result 1n increase
in production cost, decrease in strength, etc. The intervals
of the longitudinally aligned through-hole electrodes are
preferably about 1 mm on average. For instance, in the
case of the triple-band antenna switch, 11 a third harmonic
having the highest frequency, which 1s around 5.4 GHz
(A=535.6 mm), 1n a DCS transmitting/recerving system 1s
to be suppressed, sutlicient suppressing etlect would be
able to be obtained at intervals of A/20 or less when there
are only through-holes, taking into account the wave-
length of this frequency and the wavelength-shortening
ellect of a dielectric body. Of course, the frequency to be
suppressed may be any of n-th harmonics (n 1s an integer
of greater than 0) in a DCS/PCS system, any of n-th
harmonics 1n a GSM system, etc. In the case of the above
example, because a fundamental frequency to a third
harmonic i1n the GSM system and a fundamental fre-
quency to a second harmonic 1n the DCS/PCS system are
longer 1n a wavelength A than a third harmonic 1n the DCS
system, all of the above frequencies would be able to be
suppressed if the third harmonic in the DCS system were
selected as a target frequency to be suppressed. In addi-
tion, plural rows of the longitudinally aligned through-
hole electrodes may be arranged 1n parallel, to reduce the
intervals between the through-holes.

(b) With a strip-shaped shielding electrode formed on a
dielectric layer, and with longitudinally aligned through-
hole electrodes penetrating through dielectric layers, 1s0-
lation characteristics are further improved. The effect of
the strip-shaped shielding electrodes 1s larger when they
are formed on layers above and below the dielectric layer
having transmission lines, than when they are disposed
between the transmission lines. Accordingly, the shielding
clectrodes are most preferably formed on all layers.
However, they may properly be formed on upper and
lower layers of those having transmission lines, or con-
nected to ground electrodes on intermediate layers
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depending on the shapes of the electrode patterns and
space, to obtain large 1solation (shielding) eflfects. For
instance, in the case of the triple-band antenna switch,
even when a shielding electrode 1s formed only between
the dielectric layers having transmission lines, as large
1solation as —30 dB or less can be obtained by forming the
through-hole electrodes at intervals of A/4 or less of a
third harmonic 1n the DCS transmitting/receiving system.

It 1s clear from the above that high 1solation effects can be
obtained 1n the high-frequency module, by disposing the
strip-shaped shielding electrode between the adjacent cir-
cuits, or by forming the longitudinally aligned through-hole
clectrodes continuously in a lamination direction. These
shielding means are effective 1n a limited space. Though the
strip-shaped shielding electrodes are preferably formed on
all dielectric layers, the strip-shaped shielding electrode may
be formed at least on a dielectric layer having transmission
lines, or on any layer above or below the dielectric layer
having transmission lines. Most preferable 1s the formation
of both of the strip-shaped shielding electrode and the
longitudinally aligned through-hole electrodes. The ground
clectrodes may be used as the shielding electrodes.

With the above structure, the high-frequency parts such as
the antenna switch module parts and the high-frequency
amplifiers, etc. may be mounted in a limited space while
suppressing mutual interference, to provide a high-ire-
quency module.

Referring to the drawings, an example of using the
high-frequency device according to one embodiment of the
present mvention in a cell phone system will be explained
below. Generally 1n the cell phone system, control signals
(power control signals) are sent from a base station to cell
phones such that transmission outputs have the minimum
power necessary for communications, to avoid radio inter-
terence with near cell phones. Gate voltage 1s controlled 1n
a high-frequency amplifier at a transmission output stage by
an APC (automatic power control) circuit operating based on
this control signal, such that 1ts transmission has an output
level necessary for communications. The control of the gate
voltage 1s actually carried out by comparing a detection
signal obtained by monitoring a power output from the
high-frequency amplifier, with a power control signal sent
from the base station. Thus, 1n the communications system
of cell phones, communications are conducted with outputs
changed to be adapted to the environment, to avoid radio
interference with other cell phones, thereby stably maintain-
ing call quality.

Output-detecting circuits for the high-frequency amplifi-
ers 1n the digital cell phone system 1n Europe are classified
into two systems. One 1s a system detecting output power by
a coupler circuit connected to the output terminal of the
high-frequency amplifier, and the other 1s a system deter-
mimng consumed power from voltage decrease measured by
a resistor of about 1-10£2 mounted to the high-frequency
amplifier, and converting the consumed power to a high-
frequency power. Generally, the former 1s maternialized by
the formation of a circuit 1n a laminate, while the latter 1s
maternalized, for mstance, by mounting parts onto the lami-
nate or circuit integration to semiconductor chips.

FIRST EMBODIMEN'T

This embodiment uses a semiconductor chip having a
function of monitoring an output power. FIG. 11 shows the

equivalent circuit of a triple-band antenna switch module
part for EGSM, DCS and PCS. FIG. 12 shows the equivalent
circuit of a high-frequency amplifier, and FIGS.
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13(a) and (b) show their circuit portions near the connection
points. The high-frequency module of this embodiment 1s
constituted by apparatuses (ASM +HPA) 1n a range shown
by the solid line 1n FIG. 23, which are combined 1n one
laminate, and FIG. 17 1s a partial development view showing
the laminate.

(A) Diplexer (Branching Circuit)
Retferring to FIG. 11, the diplexer Dip 1s constituted by
transmission lines L1-1.4 and capacitors C1-C4. The trans-

mission line L2 and the capacitor C1 constitute a series

resonance circuit designed to have a resonance frequency in
a DCS band (transmission frequency: 1710-1785 MHz,

receiving frequency: 1805-1880 MHz) and a PCS band
(transmission Ifrequency: 1850-1910 MHz, receiving ire-
quency: 1930-1990 MHz). In this Example, the attenuation
peak was set at 1.8 GHz. The transmission line L4 and the
capacitor C3 constitute a series resonance circuit designed to
have a resonance frequency 1n an EGSM band (transmission
frequency: 880-915 MHz, receiving frequency: 925-960

MHz). In this Example, the attenuation peak was set at 0.9
GHz.

The branching and combining of an EGSM signal and a
DCS/PCS signal can be conducted by this circuit. The
transmission lines L1, L3 are preferably set to have such
length that they have hj gh 1impedance at a frequency of the
DCS/PCS signal. This makes 1t diflicult for the DCS/PCS
signal to be transmitted to the EGSM line. The transmission
line L3 may be omitted. The capacitors C2, C4 are prefer-
ably set to have relatively small capacitance such that they
have high impedance at a frequency of the EGSM signal.
This makes 1t dithicult for the EGSM signal to be transmitted
to the DCS/PCS line.

(B) Switch Circuit

The first switch circuit SW1 1s constituted by capacitors
CS, C6, transmission lines L5, L6, pin diodes D1, D2, and
a resistor R1. The transmission lines L5, [.6 are set to have
such length that they constitute a A/4 resonator 1n a trans-
mission frequency band of EGSM. The transmission line LS
may be substituted by a choke coil, whose ground level 1s
substantially open (high impedance) at a frequency of
EGSM transmission. In this case, the inductance 1s prefer-
ably about 10-100 nH. The resistor R1 determines electric
current flowing through the first and second diodes D1, D2
when the control voltage V(1 1s high. In this Example, the
resistor R1 was 100€2 to 200€2. The capacitors C5, Cé are
necessary to cut a DC component 1n the control voltage.
Because there 1s parasitic inductance due to connecting
wires, etc. 1 the pin diode D2, when the control voltage
V(1 1s high, series resonance 1s caused to occur with the
capacitor C6 to eliminate the parasitic inductance. The
capacitance of the capacitor C 6 may properly be set.

With the above structure, when the control voltage VC1
1s high, both of the first and second diodes D1, D2 are turned
on, while the connection point of the second diode D2 and
the transmission line L6 1s at a ground level, thereby making
the impedance of the transmission line .6 (A/4 resonator) on
the opposite side infinitive. Accordingly, when the control
voltage VC1 1s high, a signal cannot pass through a line
between the diplexer Dip and the EGSM Rx, while a signal
casily passes through a line between the diplexer Dip and the
EGSM Tx. On the other hand, when the control voltage VC1
1s low, the first diode D1 1s also turned off, so that a signal
cannot pass through a line between the diplexer Dip and the
EGSM Tx. Because the second diode D2 1s also turned off,

a signal easily passes through a line between the diplexer
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Dip and the EGSM Rx. It 1s thus possible to switch the
transmitting and receiving of the EGSM signal.

The second switch circuit SW2 1s constituted by capaci-
tors C7-C10, transmission lines L7-1.10, Pin diodes
D3-D6, and resistors R2, R3. The transmission lines
L7-1.10 are set to have such length that they constitute a A/4
resonator at a frequency of the DCS/PCS signal. The trans-
mission lines L7, L9 may be replaced by a choke coil, whose
ground level 1s substantially open (high impedance) at a
transmission frequency of DCS. In this case, the inductance
1s preferably about 5-60 nH. The resistor R2 determines
clectric current flowing through the third and fourth diodes
D3, D4, when the control voltage VC2 1s high. In this
Example, the resistor R2 was 100€2 to 200€2. The resistor R3
determines electric current flowing through the fifth and
sixth diodes D3, D6, when the control voltage VC3 i1s high.
In this Example, the resistor R3 1s 100€2 to 2 k€2. The
capacitors C7, C8 and C10 are necessary for cutting the DC
component 1n the control voltage. When the control voltage
V(2 1s high, there 1s parasitic inductance due to connecting,
wires, etc. i the pin diode D4. Accordingly, the capacitance
of the capacitor C7 1s set such that there 1s series resonance
with the capacitor C7.

With the above structure, both of the third and fourth
diodes D3, D4 are turned on, when the control voltage VC2
1s high. Accordingly, the connection point of the fourth
diode D4 and the transmission line L8 becomes a ground
level, thereby making the impedance of the transmission line
L8 (A4 resonator) on the opposite side infinitive. Accord-
ingly, when the control voltage VC2 1s high, a signal cannot
pass through a line between the diplexer Dip and the PCS Rx
and a line between the diplexer Dip and the DCS Rx, while
a signal easily passes through a line between the diplexer
Dip and the DCS/PCS Tx. On the other hand, when the
control terminal VC2 1s low, the third diode D3 1s also turned
ofl, so that a signal cannot pass through a line between the
dlplexer Dip and the DCS/PCS Tx. Because the fourth diode
D4 15 also turned ofl, a signal easily passes through a line

between the diplexer Dip and PCS Rx and a line between the
diplexer Dip and the DCS Rx.

When the control terminal VC3 1s high, because there 1s
parasitic inductance due to connecting wires, etc. 1n the pin
diode D6, the capacitance of the capacitor C10 1s determined
such that there 1s series resonance with the capacitor C10.
Thus, when the control terminal VC3 1s high, both of the
fifth and sixth diodes D5, D6 are turned on, placing a
connection point of the sixth diode D6 and the transmission
line .10 on a ground level, resulting 1n infinitive impedance
on the opposite side of the transmission line L10, a A/4
resonator. Accordingly, when the control terminal VC3 1s
high, a signal cannot pass through a line between the
diplexer Dip and the DCS Rx, while a signal easily passes
through a line between the diplexer Dip and the PCS Rx.
When the control terminal VC3 1s low, the fifth diode D3 1s
also turned ofl, so that a signal cannot pass through a line
between the diplexer Dip and the PCS Rx. Because the sixth
diode D6 1s also turned ofl, a signal easily passes through a
line between the diplexer Dlp and the DCS Rx. Thus, when
the control terminal VC2 1s high, switching to DCS/PCS Tx
1s achieved. When the control terminals VC2, VC3 are low
and high, respectively, switching to PCS Rx 1s possible.
Also, when the control terminals VC2 and VC3 are low,

switching to DCS Rx 1s possible.

(C) Low-pass Filter

The first low-pass filter LPF1 1s a m-type low-pass filter
constituted by a transmission lmme L11 and capacitors

10

15

20

25

30

35

40

45

50

55

60

65

20

C11-C13. The transmission line L11 and the capacitor C11
constitutes a parallel resonance circuit with a resonance
frequency set to be two to three times the transmission
frequency of EGSM. In this Example, the resonance ire-
quency was set at 2.7 GHz, which 1s three times the
transmission frequency. With the above structure, harmonics
can be removed from the transmission signal of EGSM
supplied from the power amplifier. Accordingly, the inser-
tion of the low-pass filter LPF1 into the signal-transmitting
line 1s preferred for improved characteristics, though not
indispensable. Though the first low-pass filter LPF1 1s
disposed between the first diode D1 and the transmission
line L5 1n the first high-frequency switch SW1, it may be
disposed between the diplexer Dip and first high-frequency
switch SW1, or between the transmission line L5 and EGSM
Tx. When the grounded capacitor of the first low-pass filter
LPF1 1s disposed 1n parallel with the transmission line L5,
it constitutes a parallel resonance circuit, thereby making the
transmission line LS shorter than A/4, and thus making the

inductance of the choke coil smaller.

The second low-pass filter LPF2 15 a m-type low-pass filter
constituted by a transmission line .12 and capacitors
C14-C16. The transmission line .12 and the capacitor C14
constitute a parallel resonance circuit with a resonance
frequency set to be two to three times the transmission
frequency of DCS/PCS. In this Example, the resonance
frequency was set at 3.6 GHz, which 1s two times the
transmission frequency. With the above structure, harmonic
strain can be removed from the transmission signal of
DCS/PCS supplied from the power amplifier. Accordingly,
the insertion of the low-pass filter LPF2 into the signal-
transmitting line 1s preferred for improved characteristics,
though not indispensable. Though the second low-pass filter
LPE2 1s disposed between the diplexer Dip and the second
high-frequency switch SW2 like the first low-pass filter
LPF1, 1t may be disposed between the transmission line L7
and the transmission terminal Tx of DCS.

In this Example, the first and second low-pass filters
LPF1, LPF2 are disposed between the diode D1 and the
transmission line LS, and between the diode D3 and the
transmission line L7, respectively, namely in the switch
circuit. This 1s preferable 1n circuit desigming, though not
indispensable. The low-pass {filter may be disposed at an
arbitrary position 1n a signal-transmitting line for passing a
transmission signal between the diplexer and the transmis-
s1on terminal.

(D) Control Logic

The above control logic of the high-frequency device
(antenna switch module part) 1s summarized in Table 1.

TABLE 1

Mode VCl1 V(C2 V(3
EGSM TX High Low Low
(transmission)

DCS/PCS TX Low High Low
(transmission)

EGSM RX Low Low Low
(Receiving)

DCS RX Low Low Low
(Receiving)

PCS RX Low Low High
(Receiving)
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SECOND EMBODIMENT

L1

The EGSM system may be divided to GSMS830 (trans-
mission Irequency: 824-849 MHz, receiving Irequency:
869-894 MHz) and EGSM, to provide a quadruple-band,
high-frequency device. In this case, the transmitting system
comprises a common terminal, and the receiving system
comprising a triple-band antenna switch, whose EGSM-
receiving terminal 1s connected to a switch for switching
GSMB50 and EGSM. A frequency between them can be
divided by a transmission line, a A/4 resonator of a GSM850
band and an EGSM band, in place of this switch.

(A) High-frequency Amplifier

FIG. 12 shows one example of a matching circuit in the
high-frequency amplifier constituting the high-frequency
device. An output terminal PO of this matching circuit is
connected, for instance, to a transmission terminal P1 of
EGSM Tx 1n the antenna switch module of FIG. 6, to send
the amplified transmission signal to the antenna switch. The
output terminal P0 1s connected to one end of the transmis-
sion line ASL1 via the DC-blocking capacitor Ca2. The
transmission line ASL1 1s connected to the grounded capaci-
tors Ca3, Cad, to constitute an output-matching circuit. The
other end of the transmission line ASL1 1s connected to a
drain of a field-efiect switching transistor (FET) Q1, one
type of a semiconductor element. The source of FET Q1 1s

grounded, and the gate of FET Q1 1s connected to a collector
of a bipolar switching element (B-Tr) Q2.

A connection point of the other end of the transmission
line ASL1 and the drain D of the field-effect switching
transistor FET Q1 1s grounded via a series circuit of an
inductor SL1 formed by a A/4 strip line, etc., and a capacitor
Ca5, and a connection point of the inductor SL.1 and the
capacitor Ca3 1s connected to a drain voltage terminal Vddl1.
A connection point of the gate of the field-eflect switching,
transistor FET Q1 and the collector of the bipolar switching,
clement Q2 1s grounded via a capacitor Ca6, and the gate of
Q2 1s connected to a voltage terminal Vg.

The emitter of the bipolar switching element Q2 1s
grounded, and the base of Q2 1s connected to one end of the
transmission line SL.3. The collector of the bipolar switching,
clement Q2 1s grounded via a series circuit of an inductor
SL.2 formed by a strip line, etc. and a capacitor Ca7, and a
connection point of the mductor SL2 and the capacitor Ca7
1s connected to a collector voltage terminal Vc. A connection
point of the inductor SL.2 and the capacitor Ca7 1s connected
to a connection point of the base of the bipolar switching
clement Q2 and one end of the transmission lineSL3. The
other end of the transmission line SLL.3 1s grounded via a
capacitor Ca8, and connected to an input terminal Pin.

In the equivalent circuits shown in FIGS. 11 and 12,
transmission lines and inductors are mostly formed by strip
lines, though they may be formed by microstrip lines,
coplanar guidelines, etc. The amplifying circuit may be
constituted as a high-power amplifier comprising three or
more amplifying circuits by adding semiconductor elements
Q3 and power-applying circuits. In this Example, the tran-
sistor Q1 was FET, and the transistor Q2 was B-Tr, though
they may be changed to other types of transistors. For
istance, S1-MOSFETs, GaAs FE'Ts, S1 bipolar transistors,
GaAs HBTs (hetero-junction bipolar transistors), HEMTs
(high electron mobility transistors), etc. may be used. Of
course, MMICs (monolithic microwave itegrated circuits),
in which several transistors are integrated, may also be used.
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In this Example, the transmission line SLL3 and the transistor
Q2 are directly connected, though they may be connected
via a resistor.

(B) Phase Adjustment

FIG. 13 shows a circuit portion of a high-frequency
amplifier or an antenna switch module ASM near 1ts phase-
adjusting circuit. The phase-adjusting circuit may be con-
stituted by 1nserting a transmission line or an LC circuit for
a high-pass filter or a low-pass filter, etc. Explanation will be

made here on an example, 1n which the high-pass filter of

FIG. 4 (b) 1s disposed between the terminals P1 and PO of
EGSM Tx. FIG. 14 1s a Smith chart, in which the behaviors
of a fundamental frequency (1), a second harmonic (21), a
third harmonic (31) were plotted, when the impedance of the
antenna switch module was adjusted with the fixed 1mped-
ance of the high-frequency amplifier when viewed from the
connection reference plane The phase of the power amplifier
HPA 1s 1n a range of 0 (upper leit) in both a second harmonic
(21) and a third harmonic (31). For instance, by adjusting the
length of the transmission line ASL1 and the capacitance of
the capacitor 1n the output matching circuit from this state
toward a conjugate matching relation, the impedance of the
antenna switch module part ASM 1s conjugate-matched to an
impedance near the standard impedance (50€2) 1n a funda-
mental frequency (1) (shown by the mark l 1n a circle of the
dotted line substantially at center in FIG. 14)

The present phases 0, of the impedances of a second
harmonic (21) and a third harmonic (31) are in ranges of the
conjugate matching phases 0, (shown by the mark A at
lower left 1n FIG. 14). For instance, by inserting a high-pass
filter constituted by an inductor of 18 nH and a capacitor of
6 pF, the phase 0, moves to a range shown by the mark I
at lower right in FIG. 14. In this Example, 0, can be adjusted
to a range of 0,—90° near the targeted range of 0, 1n the
second harmonic (21), and to a range of 0,—120° 1n the third
harmonic (3f). By further phase adjustment, 0, can be
moved to a range of 0, (upper right), at which the maximum
attenuation can be achieved.

Though the adjusted phase and direction may difler on a
case-by-case basis, the basic principle of the present inven-
tion 1s that the second harmonic (21), a main component of
unnecessary harmonics, 1s predominantly adjusted to make
0, closer to 0,. In some cases, only the adjustment of 0, may
be conducted, sacrificing the adjustment of the third har-
monic (31).

The relations between the mput phase of ASM and the
attenuation of the second harmonic (21) and the third har-
monic (31) in EGSM (880960 MHz) are shown in FIGS.
15(a) and (b), respectively. In FIG. 15(a), the phase 0,
providing the maximum attenuation [-73 dB] 1s around 30°.
Though the optimum would be to adjust to this phase, there
1s a permissible range 1n actual designing. For instance, a
range permitting the deterioration of the attenuation by
about 3 dB 1s 180° (0,£90°), and a range permitting the
deterioration of the attenuation by about 5 dB 1s 240°
(0,£120°). This 1s true of the attenuation characteristics of
the third harmonic shown in FIG. 15(d). In fact, the attenu-
ation of =70 dB or more can be achieved even with 3 dB of
deterioration, and the attenuation of =65 dB or more can be
achieved even with 5 dB of deterioration. It 1s thus clear that
suflicient effects can be obtained by the adjustment within
+120° of the best phase 0,. The phase control range 1s
preferably 0,+90°, more preferably 0,£45°. In the DCS/PCS
system, too, the same phase range can provide the effect of
the present invention.
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(C) Power-adding Efficiency

With respect to a power-adding efliciency important as the
transmission characteristics, the present invention exhibits a
remarkable eflect ol expanding a range operable at a low
insertion loss. FIG. 16 shows the relation between frequency
and the power-adding efliciency before and after the phase
adjustment 1n a transmission band of EGSM. Belore the
phase adjustment, the power-adding efliciency had a low and
steep peak with a narrow width, resulting 1n extremely large
loss. On the contrary, after the phase adjustment, the peak
value of the power-adding efliciency drastically increased,
with a smooth and wide wavelorm near the peak, resulting
in a low 1nsertion loss.

In the phase adjustment of this example, a high-pass filter
constituted by an inductor of 18 nH and a capacitor of 6 pF
was inserted. The Smith chart of FIG. 14 shows the positions
of 1impedance 1 a fundamental frequency, a second har-
monic and a third harmonic, before and after the insertion of
the high-pass filter. The fundamental frequency 1s positioned
at a center of the chart. The phase 0, corresponding to the
conjugate matching phase of the fundamental frequency 1is
around —-130°. After the insertion of the high-pass filter, 0,
moved to around (0,-10°), resulting 1n adjustment to an
extremely eflective position.

With respect to the n-th harmonics, 21 could be adjusted
to a range within 0,—90°, and 31 could be adjusted to a range
within 0,-120°, which 1s closer to the targeted 0,. Even
though HPA and ASM with optimized characteristics are
used, only the power-adding efliciency of a low level can be
obtained before the phase adjustment as shown in FIG. 16.
However, the phase relation could be optimally adjusted by
inserting the phase-adjusting circuit, resulting 1n a high-level
power-adding efliciency 1n a wide range. Such eflects are
obtained in the DCS/PCS system, too.

THIRD EMBODIMENT

(High-frequency Module)

FIG. 17 1s a development view showing green sheets in
upper first to third layers, intermediate seventh to eighth
layers and lower thirteenth to fifteenth layers, in a high-
frequency module containing the antenna switch module
part having the equivalent circuit of FIG. 11 and the high-
frequency amplifier part having the equivalent circuit of
FIG. 12 1in one laminate. The laminate 1s constituted by 15
dielectric green sheets, with a dielectric green sheet 1 as an
uppermost layer and a dielectric green sheet 15 as a lower-
most layer.

The dielectric green sheets are made of low-temperature
cofirable ceramics (L'TCC) sinterable at a low temperature of
950° C. or lower. For instance, a dielectric composition
comprising 10-60% by mass of Al (converted to Al,O,),
25-60% by mass of S1 (converted to S10,), 7.5-50% by
mass of Sr (converted to SrQ), 20% by mass or less of Ti
(converted to T10,), 0.1-10% by mass of B1 (converted to
B1,0;), 0.1-5% by mass of Na (converted to Na,O), 0.1-53%
by mass of K (converted to K,O), 0.01-5% by mass of Cu
(converted to CuO), and 0.01-5% by mass of Mn (converted
to MnQO,) may be used.

To form transmission lines and capacitors easily, the green
sheet preferably has a thickness of 40-200 um. In this
Example, silver electrode materials were used. Transmission
lines and capacitors are formed by an electrode pattern on
cach green sheet with proper through-holes. The green
sheets provided with transmission lines and capacitors were
successively laminated and sintered at 930° C., to provide a
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laminate module comprising a combination of high-ire-
quency parts. The size of the laminate 1s, for instance, 13.75
mm 1n lengthx8 mm 1 widthx0.75 mm in height. Chip
clements such as diode, transistors, chip inductors, chip
capacitors, resistors, etc. are mounted onto an upper suriace
of the laminate, and the laminate 1s covered with a metal
casing (not shown) to provide a finished product. The total
height of the finished product 1s about 1.8 mm. In place of
the metal casing, a resin-sealed package may be used. In this
case, the total height 1s about 1.5 mm. In another example,
the size of the laminate 1s 10 mm 1n lengthx8 mm in
widthx0.75 mm 1n height. In this case, the total height of the
fimished product 1s about 1.8 mm 1in the case of a metal
casing, and about 1.5 mm 1n the case of a resin-sealed
package.

(A) Switch Module Part

The switch module part comprises transmission lines L1,
.2, L3 (omitted in this Example) L4, etc. formed on the
upper layer of the laminate for constituting a diplexer and
low-pass filters, capacitors C1, C3, Cé6, C10, etc. formed on
intermediate layers for constituting a diplexer, switch cir-
cuits and low-pass filters, and transmission lines LS, L6, L7,
L8, L9, L10, etc. formed on lower layers for constituting
switch circuits.

(B) High-frequency Amplifying Circuit Module Part

In the high-frequency amplilying circuit module part,
upper layers are provided with transmission lines for a
first-stage matching circuit, intermediate layers are provided
with capacitors for first-stage and last-stage matching cir-
cuits, and lower layers are provided with transmission lines
for thermal vias and the last-stage matching circuit and
voltage-applying lines. Ground electrodes G1, G2, G3, G4,
G5, G6 are formed on the second, third, eighth, thirteenth,
fourteenth, and fifteenth layers. Though the omission of the
intermediate layers results 1n the failure of showing all of the
ground electrodes, the transmission lines and the capacitors
in FIG. 17, it should be noted that they are formed by
clectrode patterns substantially in an arrangement described

above. Parts mounted onto the laminate and the circuit board
are diodes D1-D6, transistors Q1-Q3, chip capacitors C5,
C8, Ca5-(Ca7, resistors R1-R3, etc.

(C) Phase-adjusting Circuit

Though there 1s a connection point of the high-frequency
amplifving circuit module part and the antenna switch
module part on the upper layers, a transmission line ASL1
(line for the high-frequency amplifier) on the green sheet 1,
a transmission line ASL2 (connecting line for the antenna
switch module part) on the green sheet 2 are arranged at such
a position that they do not overlap in a lamination direction,
to avoid mutual interference. In this Example, a high-pass
filter for phase adjustment exists between them, the LC
circuit of this high-pass filter being formed by a chip
inductor and a chip capacitor and mounted onto the upper
surface of the laminate. This structure desirably permits
adjustment after the production of the laminate module,
saving time 1n trail manufacture and adjustment. In addition,
because the transmission lines ASL.1, ASL.2 are formed on
different layers at a position causing no interference, inter-
ference can be avoided between both high-frequency parts.

A shielding electrode SG 1s formed between ASL1 and the
antenna switch module part ASM 1n the first layer, and a
circuit pattern on the side of an antenna than the low-pass
filter 1s formed 1n an ASM region. It there were electromag-
netic coupling between ASL1 and this circuit pattern, unnec-
essary high-frequency electric power would be output from
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the antenna without passing through the low-pass filter. In
this Example, by separating ASL1 from ASM by the shield-
ing electrode SG, the above electromagnetic coupling can be
avoided, resulting 1n 1improved high-frequency characteris-
tics. 5

(D) Shielding Structure

In all green sheets constituting the composite laminate
module shown 1n FIG. 17, electrode patterns constituting the
high-frequency amplifiers are formed 1n a leit region, while
clectrode patterns constituting the antenna switch module
part are formed 1n a right region. Further, there 1s a strip-
shaped shielding electrode SG formed between the left and
right regions on the first layer, and through-hole electrodes
HG penetrating all green sheets from the shielding electrode
SG are longitudinally aligned. The through-hole electrodes
HG are connected to a ground electrode G2 on the third layer
from the shielding electrode SG, a ground electrode G3 on
the eighth layer, a ground electrode G4 on the 13-th layer,
and a ground electrode G6 on the lowermost layer, exhib-
iting eflects not only in the suppression of the mutual
interference between both high-frequency parts, but also 1n
the suppression ol the mutual interference between the
clectrode patterns arranged 1n a lamination direction. When
there 1s enough room dimensionally, strip-shaped shielding,
clectrodes SG are preferably formed on all green sheets.
However, because 1t 1s impossible in many cases, the ground
clectrodes connected to the shielding electrode SG via the
through-hole electrodes HG are utilized as shielding elec-
trodes. The shielding electrode and the ground electrodes are
preferably formed on a green sheet provided with electrode
patterns for transmission lines or on any green sheets above
or below that green sheet.

The intervals G of the longitudinally aligned through-hole
electrodes HG are preferably as small as possible. Specifi- .
cally, they should be 4 or less of the wavelength A of the
highest frequency whose interference should be prevented.
However, 1t has been found that the intervals G may prac-
tically be substantially about A/10 to A/50, taking into
account the eftect of suppressing mutual interterence, the ,,
mechanical strength of green sheets, the easiness of forming
through-holes, etc. The imtervals G of the through-hole
clectrodes HG may be uniform or nonuniform. In this
Example, the intervals were nonuniform within a range of
about A/20 (substantially 1 mm) to about A/25 of a third 5
harmonic (around 5.4 GHz) in the DCS band.

The through-holes are not necessarily aligned on a
straight line, but may properly be deviated from a linear
alignment taking into account the arrangement of electrode
patterns, etc, as seen, for mstance, in the seventh layer and 5
lower layers 1n FIG. 17. For instance, a plurality of rows of
the longitudinally aligned through-hole electrodes are dis-
posed 1n parallel. In this case, the rows of the through-hole
clectrodes are preferably positioned such that intervals are
small between the through-holes 1n adjacent rows to obtain 54
a high shielding eflect.

The through-hole electrodes HG longitudinally aligned at
predetermined intervals increase the adhesion of the green
sheets.

In the high-frequency module having the above structure, 60
mutual interference such as noises, etc. 1s suppressed
between the high-frequency parts by the shielding effect of
the shielding electrodes SG, the through-hole electrodes HG
and the ground electrodes, thereby making 1t possible to
prevent the unstable operation such as oscillation, etc. of the 65
high-frequency amplifier. In addition, the generation of
spurious signals can be suppressed, thereby preventing the
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deterioration of pass characteristics. Further, because a plu-
rality of the high-frequency parts are integrated in one
laminate, a mounting area on a printed circuit board 1n a cell
phone can be reduced by 25% to 50%, as compared with a
conventional case where power amplifiers and antenna
switches are separately mounted onto a board. Theretore, the
high-frequency module of the present invention 1s suitable
for communications devices mounted in small information
terminals such as cell phones, PDA, efc.

The integration of the high-frequency amplifier HPA and
the antenna switch module part ASM 1n one laminate
shortens lines connecting them, resulting in decrease 1n line
loss and matching deviation. In addition, wiring convention-
ally necessary for connecting them on a printed circuit board
has become unnecessary. Further, the integration of the
high-frequency amplifier HPA and the antenna switch mod-
ule part ASM can optimize impedance matching between
them, thereby simplifying a matching circuit conventionally
disposed 1 each of HPA and ASM. Thus, the present
invention provides a small high-frequency module having a
low 1nsertion loss, a high output power and high output
ciliciency.

Though the characteristics at the time of GSM transmis-
s1ion were conventionally about 33% of efliciency, about -25
dBm of second harmonic attenuation, and about =25 dBm of
third harmonic attenuation, they have been improved to 43%
or more of efliciency, —38 dBm or less of second harmonic
attenuation, and =36 dBm or less of third harmonic attenu-
ation 1n this example. At the time of DCS/PCS transmission,
34% or more of efliciency, —38 dBm or less of second
harmonic attenuation, and -36 dBm or less of third har-
monic attenuation have been achieved. This indicates that
the present invention 1s eflective not only in the GSM band
but also 1n the DCS/PCS band.

As described above, the use of the high-frequency module
of the present mvention with improved characteristics for
cell phones can improve their efliciency by about 5-10%
than a conventional case where discrete high-frequency
parts are mounted. This results in decreased power con-
sumption at the time of transmission, thereby increasing call
time per one charge of the battery by about 10-20%.

In addition, the high-frequency module of the present
invention makes 1t unnecessary to conduct various conven-
tional works, such as the combination of plural types of
high-frequency amplifiers and antenna switch modules for
evaluation, and the formation of matching circuits, harmonic
filters, etc. on a printed circuit board, to obtain the desired
characteristics.

FOURTH EMBODIMENT

FIG. 11 shows one example of the equivalent circuit of the
antenna switch, and FIG. 12 shows one example of the
circuit equivalent of the high-frequency amplifier. For
instance, pin diodes are used 1n the switch circuit, though
they may be replaced by GaAs switches of SPnT types, such
as SPDT (single pole dual throw), SP3T, etc. The replace-
ment of the pin diode switches with the SPDT GaAs
switches makes A/4 lines necessary for the pin diode
switches unnecessary, leaving the laminate with enough
space. Thus, the elimination of the space and the formation
of new function elements can be made, advantageous 1n
further mimaturization and higher integration.

Taking a triple-band antenna switch for example, the
replacement of the pin diodes with the SP3T GaAs switch
enables the switching of all lines. In addition, several A/4
lines become unnecessary, thereby enabling further minia-
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turization and higher integration. A low-pass filter on the
transmission side and filters disposed for obtaining satisfac-
tory characteristics can be formed in the laminate and/or
constituted by parts mounted onto the laminate. In this case,
because the GaAs switch 1s directly connected to the
antenna, the GaAs switch 1s preferably provided with an
clectrostatic surge-suppressing means. When using a GaAs
switch with no electrostatic surge-suppressing means, a
surge-suppressing circuit such as an LC filter, etc. should be
disposed between the antenna and the GaAs switch.

FIGS. 18-20 show triple-band antenna switch module
parts each comprising GaAs switches. To integrate the
antenna switch module part ASM shown in FIGS. 18-20
with the high-frequency amplifier HPA, ASM 1n the block
diagram of FIG. 23 need only be replaced by any one of
ASMs shown in FIGS. 18-20.

The antenna switch module part shown 1 FIG. 18 com-
prises an SPDT (SP2T) switch SW1 and an SP3T switch
SW2. For nstance, a lower frequency EGSM band and a
higher-frequency DCS/PCS band are branched by a diplexer
Dip. Transmission (connected to PA1) and recerving (RX1)
in the EGSM band are switched by a switch SW1, and three
lines of DCS/PCS transmission (connected to PA2), DCS
receiving (RX2) and PCS receiving (RX3) in the DCS/PCS
band are switched by a switch SW2.

The antenna switch module part shown 1n FIG. 19 com-
prises only three SP2T switches. Like 1in the above, a
lower-frequency EGSM band and a higher-frequency DCS/
PCS band 1n the communications system are branched by
the diplexer Dip. Transmission (connected to PA1l) and

receiving (RX1) in the EGSM band are switched by a switch
SW1; DCS/PCS transmission (connected to PA2) and DCS/
PCS receiving in a DCS/PCS band are switched by a switch
SW2, and DCS receiving (RX2) and PCS receiving (RX3)
are switched by a switch SW3.

The antenna switch module part shown 1 FIG. 20 com-
prises an SP3T switch for switching all lines without using,
a diplexer Dip.

Incidentally, the GaAs SPDT switches may properly be
replaced by SPDT switches having pin diodes, i the
antenna switch module parts shown 1n FIGS. 18 and 19. In
the antenna switch module part comprising GaAs switches,
too, like 1n the case of using the pin diodes, the above
phase-adjusting circuit can provide the phase of the high-
frequency amplifier HPA and the phase of the antenna switch
module part ASM with conjugate matching in a passband,
and with nonconjugate matching 1n an unnecessary har-
monic band, thereby improving the characteristics of the
entire high-frequency module part. Further, 1t 1s possible to
provide an integrated module part comprising an APC
circuit for controlling the gate voltage of an output transistor
based on a detection signal of the above output-detecting
means.

FIFTH EMBODIMENT

The high-frequency module of the present invention may
comprise a coupler circuit and an 1solator circuit between the
antenna switch module part and the high-frequency ampli-
fier, with SAW f{ilters 1nserted into the lines of the receiving
system. In the above example, the semiconductor chip of the
high-frequency amplifier 1s provided with a function of
monitoring an output power.

As shown 1n FIGS. 21 and 22, the electric power can be
detected by the coupler circuit. As shown in FIG. 21, the
coupler CPL 1s disposed between the low-pass filter LPF and
the high-frequency amplifier PA in the antenna switch mod-
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ule part. In FIG. 22, a transmission line CSL1 for a high-
frequency output power sent from the high-frequency ampli-
fier HPA 1s called “main line,” and a transmission line CSL.2
for taking out part of the output power 1s called “coupling
line.” One end of the coupling line CSL2 1s connected to an
output monitor (detector) for the output power control of the
high-frequency amplifier HPA. The other end of the cou-
pling line CSL2 1s terminated with a resistor R. Though the

terminal resistor 1s generally 50€2, 1t may be changed
properly for the adjustment of coupling and 1solation.

In the structure 1n which the coupler 1s disposed between
the high-frequency amplifier HPA and the antenna switch
module part ASM, the relative phases of the high-frequency
amplifier HPA and the antenna switch module part ASM are
not adjusted, but the relative phases of the high-frequency
amplifier HPA and the coupler CPL are adjusted by the
phase-adjusting circuit. Specifically, their phases are
adjusted to conjugate matching in a passband, while they are
adjusted 1n a nonconjugate matching range 1 an unneces-
sary harmonic band. The coupler CPL and the antenna
switch module part ASM are integrally designed to obtain
the desired characteristics. The relative phases of the coupler
CPL and the antenna switch module part ASM are also
adjusted to conjugate matching in a passband, while they are
adjusted 1n a nonconjugate matching range 1n an unneces-
sary harmonic band.

Loss by the coupler CPL 1s usually about 0.2-0.3 dB.
However, with the high-frequency amplifier HPA, the cou-
pler circuit CPL and the antenna switch module part ASM
optimally designed 1n one laminate, miniaturization can be
achieved by 25-50% with efliciency improvement by about
2—7%, as compared with conventional designs 1n which each
circuit 1s separately mounted onto a printed circuit board.
This saves power consumption at the time of transmission,
thereby making call time per one battery charge longer, for
instance, by about 5-15%. It 1s also possible to provide an
integrated module comprising an APC circuit for controlling
the gate voltage of the output transistor based on a detection
signal of the coupler CPL.

[5] Other Transmitting/Receiving System

In addition to those described above, the transmitting/
receiving systems, to which the present invention is appli-
cable, mclude multiband antenna switch modules (dual-
band, triple-band, quadruple-band, quintuple-band, etc.) for
combinations of some of PDC800 band (810-960 MHz),
GPS band (1575.42 MHz), PHS band (1895-1920 MHz),
Bluetooth band (2400-2484 MHz), CDMA2000 expected to

spread 1n the U.S., TD-SCDMA expected to spread in China,
etc.

APPLICABILITY IN INDUSTRY

The present invention provides multiband high-frequency
composite parts with a minimized insertion loss 1n a neces-
sary fundamental frequency band and a maximized har-
monic attenuation 1n an unnecessary Irequency band,
thereby having a low loss, a high power-adding efliciency
and excellent antenna output characteristics. The use of the
multiband high-frequency composite parts of the present
invention provides low-cost, small and light, multiband
high-frequency modules with two or more functions inte-
grated 1n one laminate. By using the multiband high-fre-
quency module of the present invention, communications
devices such as high-performance cell phones, etc. can be
obtained.




Us 7,076,216 B2

29

What 1s claimed 1s:

1. A high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
comprising (a) a branching circuit for branching higher-
frequency signals and lower-frequency signals, (b) at least
one switch circuit connected to said branching circuit for
switching connection to transmitting systems and receiving
systems, (c) a plurality of high-frequency amplifying cir-
cuits, and (d) a phase-adjusting circuit disposed between
cach of said switch circuits and each of said high-frequency
amplifying circuits, wherein the phase matching between
cach of said switch circuits and each of said high-frequency
amplifving circuits via said phase-adjusting circuit 1s
adjusted to conjugate matching in a fundamental frequency
band, while 1t 1s adjusted in a nonconjugate matching range
in n-th frequency bands, wherein n 1s an integer of 2 or more.

2. The high-frequency device according to claim 1,
wherein 0, 1s adjusted within 0,+120° 1n said n-th frequency
bands, wherein 0, 1s a phase opposite to a phase 0, by 180°,
and 0, 1s conjugate to a phase 0 of an impedance 7., of each
of said high-frequency amplifiers when viewed from a
connection reference plane between each of said switch
circuits and each of said high-frequency amplifying circuits,
and 0, 1s a phase of an impedance 7., of each of said switch
circuits when viewed from said connection reference plane.

3. The high-frequency device according to claim 1,
wherein said high-frequency amplifying circuit comprises at
least a semiconductor element, a power-applying circuit and
a matching circuit.

4. A high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having different passbands, comprising (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to said
transmitting systems and said receiving systems, (b) a high-
frequency amplifying circuit module part, and (c) a phase-
adjusting circuit disposed between said switch module part
and said high-frequency amplifying circuit module part,
wherein the phase matching between said switch module
part and said high-frequency amplifying circuit module part
via said phase-adjusting circuit 1s adjusted to conjugate
matching in a fundamental frequency band, while 1t 1s
adjusted 1n a nonconjugate matching range 1n n-th frequency
bands, wherein n 1s an 1nteger of 2 or more.

5. The high-frequency module according to claim 4,
wherein 0, 1s adjusted within 0,+£120° 1n said n-th frequency
bands, wherein 0, 1s a phase opposite to a phase 0, by 180°,
and 0, 1s conjugate to a phase 0 of an impedance Z, of said
high-frequency amplifying circuit module part when viewed
from a connection reference plane between said switch
module part and said high-frequency amplifying circuit
module part, and 0, 1s a phase of an impedance 7, of said
switch module part when viewed from said connection
reference plane.

6. The high-frequency module according to claim 4,
wherein said phase-adjusting circuit 1s a low-pass filter
constituted by an LC circuit, and wherein when a phase 0,
of an impedance Z3 of said switch module part when viewed
from a terminal of said phase-adjusting circuit on the side of
said switch module part 1s present on the counterclockwise
side of O, on a Smith chart, a phase 0, of an impedance Z2
of said switch module part when viewed from a connection
reference plane between said switch module part and said
high-frequency amplifying circuit module part 1s adjusted by
said phase-adjusting circuit, such that said phase 0, 1s closer
to 0, than 0, 1n n-th frequency bands, said 0, being a phase
opposite to a phase 0, by 180°, and said 0, being conjugate
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to a phase 0 of mmpedance Z1 of said high-frequency
amplifying circuit module part when viewed from said
connection reference plane.

7. The high-frequency module according to claim 4,
wherein said phase-adjusting circuit 1s constituted by a
transmission line, and wherein when a phase 0, of an
impedance Z3 of said switch module part when viewed from
a terminal of said phase-adjusting circuit on the side of said
switch module part 1s present on the counterclockwise side
of 0, on a Smith chart, a phase 0, of an impedance Z2 of said
switch module part when viewed from a connection refer-
ence plane between said switch module part and said high-
frequency amplifying circuit module part 1s adjusted by
making said transmission line longer, such that said phase 0,
1s closer to 0, than 0, 1n n-th frequency bands, said 0, being
a phase opposite to a phase 0, by 180°, and said 0, being

conjugate to a phase 0 of impedance Z1 of said high-
frequency amplifying circuit module part when viewed from
said connection reference plane.

8. The high-frequency module according to claim 4,
wherein said phase-adjusting circuit 1s a high-pass filter
constituted by an LC circuit, and wherein when a phase 0,
of an impedance Z3 of said switch module part when viewed
from a terminal of said phase-adjusting circuit on the side of
said switch module part 1s present on the clockwise side of
0, on a Smith chart, a phase 0, of an impedance Z2 of said
switch module part when viewed from a connection refer-
ence plane between said switch module part and said high-
frequency amplifying circuit module part 1s adjusted by said
phase-adjusting circuit, such that said phase 0, 1s closer to 0,
than O; 1n n-th frequency bands, said 0, being a phase
opposite to a phase 0, by 180°, and said 0, being conjugate
to a phase 0 of impedance Z1 of said high-frequency
amplifving circuit module part when viewed from said
connection reference plane.

9. The high-frequency module according to claim 8,
wherein an end of an inductor 1n an LC circuit constituting
said high-pass filter 1s connected to said switch module part
without interposing a capacitor, with 1ts other end grounded.

10. The high-frequency module according to claim 4,
wherein said phase-adjusting circuit 1s constituted by a
transmission line, and wheremn when a phase 0, of an
impedance Z3 of said switch module part when viewed from
a terminal of said phase-adjusting circuit on the side of said
switch module part 1s present on the clockwise side of 0, on
a Smith chart, a phase 0, of an impedance 72 of said switch
module part when viewed from a connection reference plane
between said switch module part and said high-frequency
amplifying circuit module part 1s adjusted by making said
transmission line shorter, such that said phase 0, 1s closer to
0, than 0, 1n n-th frequency bands, said 0, being a phase
opposite to a phase 0, by 180°, and said 0, being conjugate
to a phase 0 of mmpedance Z1 of said high-frequency
amplifying circuit module part when viewed from said
connection reference plane.

11. The high-frequency module according to claim 4,
wherein a region containing said high-frequency amplifying
circuit module part and a region containing said switch
module part are shielded from each other by a shielding
clectrode formed on at least one of dielectric layers consti-
tuting said laminate, or by through-hole electrodes penetrat-
ing a plurality of dielectric layers constituting said laminate.

12. The high-frequency module according to claim 11,
wherein said shielding electrode 1s formed on a layer above
or below a dielectric layer provided with transmission lines.
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13. The high-frequency module according to claim 11,
wherein said through-hole electrodes are connected to said
shielding electrode.

14. The high-frequency module according to claim 13,
wherein said through-hole electrodes are connected to
ground electrodes formed on other dielectric layers.

15. The high-frequency module according to claim 4,
wherein said switch module part comprises a branching
circuit for branching higher-frequency signals and lower-
frequency signals, and switch circuits connected to said
branching circuit for switching connection to transmitting,
systems and receiving systems.

16. The high-frequency module according to claim 15,
wherein each transmitting system in said switch circuit
comprises a low-pass filter constituted by an LC circuit, and
wherein said LC circuit 1s formed by electrode patterns on
dielectric layers constituting said laminate.

17. The high-frequency module according to claim 4,
wherein said high-frequency amplitying circuit module part
comprises at least a semiconductor element, a power-apply-
ing circuit and a matching circuit.

18. The high-frequency module according to claim 4,
wherein at least part of transmission lines and LC circuits
constituting said switch module part, said high-frequency
amplifying circuit module part and said phase-adjusting
circuit are formed by electrode patterns formed on dielectric
layers constituting said laminate, and chip elements consti-
tuting part of switching elements, semiconductor elements
and LC circuits constituting said switch module part and
said high-frequency amplifying circuit module part are
mounted onto said laminate.

19. The high-frequency module according to claim 18,
wherein said branching circuit 1s constituted by an LC
circuit; wherein main elements of said switch circuit are
switching elements and transmission lines; wherein at least
part of said LC circuits and said transmission lines are
formed by electrode patterns formed on dielectric layers
constituting said laminate; and wherein chip elements con-
stituting part of said switching elements and said LC circuits
are mounted onto said laminate.

20. The high-frequency module according to claim 18,
wherein said high-frequency amplifying circuit module part
comprises at least a semiconductor element, a power-apply-
ing circuit and a matching circuit; wherein at least part of
transmission lines and LC circuits constituting said power-
applying circuit and said matching circuit are formed by
clectrode patterns formed on dielectric layers constituting
said laminate; and wherein chip elements constituting part of
said switching elements and said LC circuits are mounted
onto said laminate.

21. The high-frequency module according to claim 18,
wherein at least part of transmission lines or LC circuits
constituting said phase-adjusting circuit are formed by elec-
trode patterns formed on dielectric layers constituting said
laminate.

22. The high-frequency module according to claim 4,
wherein 1t comprises at least one of a coupler circuit, an
1solator circuit and a filter circuit between said high-ire-
quency amplifying circuit module part and said switch
module part.

23. A high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
comprising (a) a branching circuit for branching higher-
frequency signals and lower-frequency signals, (b) at least
one switch circuit connected to said branching circuit for
switching connection to transmitting systems and receiving
systems, (c¢) a plurality of high-frequency amplifying cir-
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cuits, and (d) a phase-adjusting circuit disposed between
cach of said switch circuits and each of said high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
ol each of said switch circuits when viewed from a connec-
tion reference plane between each of said switch circuits and
cach of said high-frequency amplifying circuits 1s adjusted
to a range ol —-125° to +90° in a fundamental frequency
band.

24. A high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
comprising (a) a branching circuit for branching higher-
frequency signals and lower-frequency signals, (b) at least
one switch circuit connected to said branching circuit for
switching connection to transmitting systems and receiving,
systems, (¢) a plurality of high-frequency amplifying cir-
cuits, and (d) a phase-adjusting circuit disposed between
cach of said switch circuits and each of said high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
of each of said switch circuits when viewed from a connec-
tion reference plane between each of said switch circuits and
cach of said high-frequency amplifying circuits 1s adjusted
in a conjugate matching range within 0,£90° 1n a funda-
mental frequency band, said 0, being conjugate to a phase 0
of an impedance 7, of each of said high-frequency ampli-
fiers when viewed from said connection reference plane.

25. A high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
comprising (a) a branching circuit for branching higher-
frequency signals and lower-frequency signals, (b) at least
one switch circuit connected to said branching circuit for
switching connection to transmitting systems and receiving
systems, (c) a plurality of ligh-frequency amplifying cir-
cuits, and (d) a phase-adjusting circuit disposed between
cach of said switch circuits and each of said high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
of each of said switch circuits when viewed from a connec-
tion reference plane between each of said switch circuits and
cach of said high-frequency amplifying circuits 1s adjusted
in a conjugate matching range within 0,+90° and 1n a range
of —=125° to +90° 1n a fundamental trequency band, said 0,
being conjugate to a phase 0 of an impedance Z, of each of
said high-frequency amplifiers when viewed from said con-
nection reference plane.

26. A high-frequency module constituted by an integral
laminate for handling a plurality of transmaitting/receiving
systems having different passbands, comprising (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to said
transmitting systems and said receiving systems, (b) a high-
frequency amplifying circuit module part, and (c¢) a phase-
adjusting circuit disposed between said switch module part
and said high-frequency amplitying circuit module part,
wherein a phase 0, of an impedance Z2 of said switch
module part when viewed from a connection reference plane
between said high-frequency amplitying circuit module part
and said switch module part 1s adjusted to a range of —125°
to +90° 1n a fundamental frequency band by said phase-
adjusting circuit.

27. A high-frequency module constituted by an integral
laminate for handling a plurality of transmaitting/receiving
systems having different passbands, comprising (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to said
transmitting systems and said receiving systems, (b) a high-
frequency amplifying circuit module part, and (c¢) a phase-
adjusting circuit disposed between said switch module part
and said high-frequency amplitying circuit module part,




Us 7,076,216 B2

33

wherein a phase 0, of an impedance Z, of said switch
module part when viewed from a connection reference plane
between said switch module part and said high-frequency
amplifyving circuit module part 1s adjusted 1n a conjugate
matching range within 0,+£90° 1n a fundamental frequency
band by said phase-adjusting circuit, said 0, being conjugate
to a phase 0 of an impedance Z, of said high-frequency
amplifying circuit module part when viewed from said
connection reference plane.

28. A high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having different passbands, comprising (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to said
transmitting systems and said receiving systems, (b) a high-
frequency amplitying circuit module part, and (¢) a phase-
adjusting circuit disposed between said switch module part
and said high-frequency amplifying circuit module part,
wherein a phase 0, of an impedance 7Z, of said switch
module part when viewed from a connection reference plane
between said switch module part and said high-frequency
amplifying circuit module part 1s adjusted in a conjugate
matching range within 0,+90° and 1n a range of -125° to
+90° 1 a fundamental frequency band by said phase-
adjusting circuit, said 0, being conjugate to a phase 0 of an
impedance 7, of said high-frequency amplifying circuit
module part when viewed from said connection reference
plane.

29. A high-frequency device for handling a plurality of
transmitting/receiving systems having different passbands
comprising (a) a branching circuit for branching higher-
frequency signals and lower-frequency signals, (b) at least
one switch circuit connected to said branching circuit for
switching connection to transmitting systems and receiving
systems, (c) a plurality of high-frequency amplifying cir-
cuits, and (d) a phase-adjusting circuit disposed between
cach of said switch circuits and each of said high-frequency
amplifying circuits, wherein a phase 0, of an impedance Z,
of each of said switch circuits when viewed from a connec-
tion reference plane between each of said switch circuits and
cach of said high-frequency amplifying circuits 1s adjusted
by said phase-adjusting circuit, (1) 1n a conjugate matching
range within 0,+90° and 1n a range of —-125° to +90° 1n a
fundamental frequency band, and (2) 1n a nonconjugate
matching range within £120° (0,£120°) from a phase 0,
opposite to a phase 0, by 180° in n-th frequency bands,
wherein n 1s an integer of 2 or more, said 0, being conjugate
to a phase 0 of an impedance 7, of each of said high-
frequency amplifiers when viewed from said connection
reference plane.

30. A high-frequency module constituted by an integral
laminate for handling a plurality of transmitting/receiving
systems having different passbands, comprising (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to said
transmitting systems and said receiving systems, (b) a high-
frequency amplitying circuit module part, and (¢) a phase-
adjusting circuit disposed between said switch module part
and said high-frequency amplifying circuit module part,
wherein a phase 0, of impedance 7, of said switch module
part when viewed from a connection reference plane
between said switch module part and said high-frequency
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amplifving circuit module part 1s adjusted by said phase-
adjusting circuit, (1) in a conjugate matching range within
0,£90° and 1n a range of —125° to +90° 1n a fundamental
frequency band, and (2) 1n a nonconjugate matching range
within +120° (0,£120°) from a phase 0, opposite to a phase
0, by 1800 1n n-th frequency bands, wherein n 1s an 1nteger
of 2 or more, said 0, being conjugate to a phase 0 of an
impedance 7, of said high-frequency amplifying circuit
module part when viewed from said connection reference
plane.

31. A high-frequency device comprising high-frequency
amplifving circuits, and high-frequency circuits disposed
downstream of said high-frequency amplifying circuits for
treating a high-frequency signal amplified by said high-
frequency amplilying circuit, which are connected to each
other via a phase-adjusting circuit, wherein a phase 0, of an
impedance Z2 of each of said downstream high-frequency
circuits when viewed from a reference point of said phase-
adjusting circuit on the side of said high-frequency ampli-
tying circuit 1s adjusted within 0,+120° 1n a frequency that
1s n times (n 1s an teger of 2 or more) the fundamental
frequency of said high-frequency signal, said 0, being an
opposite phase to a phase 0,, which 1s conjugate to a phase
0 of an impedance Z1 of said high-frequency amplifying
circuit when viewed from said reference point.

32. A communications device for transmitting and recerv-
ing two or more signals having different frequencies via one
common antenna, said common antenna being connected to
a high-frequency device comprising (a) a branching circuit
for branching higher-frequency signals and lower-frequency
signals, (b) at least one switch circuit connected to said
branching circuit for switching connection to transmitting
systems and receiving systems, (¢) a plurality of high-
frequency amplilying circuits, and (d) a phase-adjusting
circuit disposed between each of said switch circuits and
cach of said high-frequency amplifying circuits, wherein the
phase matching between each of said switch circuits and
cach of said high-frequency amplifying circuits via said
phase-adjusting circuit 1s adjusted to conjugate matching in
a fundamental frequency band, while it 1s adjusted 1n a
nonconjugate matching range 1 n-th frequency bands,
wherein n 1s an integer of 2 or more.

33. A communications device for transmitting and recerv-
ing two or more signals having different frequencies via one
common antenna, said common antenna being connected to
a high-frequency module constituted by an integral lami-
nate, said high-frequency module comprising (a) a switch
module part for branching higher-frequency signals and
lower-frequency signals and switching connection to said
transmitting systems and said receiving systems, (b) a high-
frequency amplitying circuit module part, and (¢) a phase-
adjusting circuit disposed between said switch module part
and said high-frequency amplitying circuit module part,
wherein the phase matching between said switch module
part and said high-frequency amplifying circuit module part
via said phase-adjusting circuit 1s adjusted to conjugate
matching 1n a fundamental frequency band, while 1t 1s
adjusted 1n a nonconjugate matching range in n-th frequency
bands, wherein n 1s an 1mteger of 2 or more.
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